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1916.  [October. 


Annual  Meeting. 

Held  on  Friday,  January  28th.    1016. 

The  Tenth  Annual  General  Meeting  of  the  Institute 
was  held  in  the  Lecture  Hall  of  the  Asiatic  Society  of 
Bengal,  Calcutta,  1,  Park  Street,  Calcutta,  on  Friday,  the 
28th  January,  1916,  at  11  a.m. 

Present:— Dr.  H.  H.  Hayden,  President  (in  the  Chair),  Messrs. 
G  F  \dams  P.  H.  Ashcroft.  R.  G.  M.  Bathgate,  Edwin  J.  Beer,  E.  S. 
Bennertz.  L.  M.  Chaudhuri.  G.  de  P.  Cotter,  H.  M.  Daly,  Glen  George, 
H  G  Graves.  S.  Heslop.  B.  Heaton,  Willis  Howarth,  Lt.-Col.  F. 
Cunvnghame  Hughes.  H.  Cecil  Jones.  L.  Joti  Parshad,  G.  C.  Lathbury, 
G.  C.  Leach,  W.  A.  Lee.  C.  H.  McCale,  F.  T.  Marley,  J.  A.  Millar, 
G  Miller  N  X.  Mukherji.  E.  H.  Roberton.  Thos.  Samson,  S.  H. 
Seddon,  K.  K.  Sen  Gupta,  Thos.  Walsh,  G.  C.  Webster,  J.  White,  W.  J. 
Wood  and  H.  H.  Reynolds  (Hony.  Secretary). 

Mr.  H.  H.  Reynolds,  the  Honorary  Secretary,  read 
the  notice  convening  the  meeting. 

The  President  appointed  Mr.  W.  A.  Lee  and  Mr  Thos. 
Samson  as  scrutineers  to  deal  with  the  voting  papers  for 
the  election  of  Officers  and  Council  for  the  year  1916. 

He  then  read  the  minutes  of  the  last  Annual  General 
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Meeting  held  at  Calcutta,  on  January  29th,  1915,  and  of 
the  Third  Ordinary  General  Meeting  held  at  Dhanbad  on 
the  16th  August,  and  these  having  been  passed  and  adop- 
ted, he  read  the  Report  of  Council  as  follows: — 

REPORT  OF   COUNCIL. 

The  Council  have  the  honour  to  present  the  Tenth 
Annual  Report  on  the  working  of  the  Mining  and  Geologi- 
cal Institute  of  India. 

2.  A  decrease  in  the  membership  has  to  be  reported 
for  the  second  year  in  succession.  The  additions  to  the 
register,  and  the  losses  by  resignations,  deaths,  etc.,  are 
shown  in  the  following  table  : — 


1911 

1912 

1913 

1914 

1915 

Additions 

.  .      22 

16 

14 

4 

9 

Losses     . . 

..      26 

14 

14 

20 

21 

Gain 

.    . 

2 

. . 

. . 

Loss 

4 

16 

12 

From  this  it  will  be  seen  that  though  there  is  a  fall  in 
membership,  the  additions  during  the  year  amount  to  9 
as  against  4  in  1914. 

Of  the  Associates,  two  resigned  and  one  was  struck 
off  (Rule  14). 

The  following  table  gives  the  numbers  of  members 
during  the  last  five  years  : — 


IQII 

lgl2 

1913 

1914 

i9x5 

Ordinary  Members  . 

247 

249 

249 

23.', 

221 

Associate  Members  . 

17 

15 

16 

14 

14 

Associates 

5 

6 

8 

9 

6 

Honorary  Members  . 

11 

10 

10 

10 

10 

Subscribers 

20 

•23 

^5 

25 

2=5 

The    following    members    were    elected    during   the 
year : — 
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I.  Husband.  R.  H. 


2.  Olden,  Chas. 


.5.  Christie.  W.  A.  K. 


4.  Jones,  H.  C. 


5.   Mackenzie.  Allan  C. 


h.  Harrison,  J.  R. 


7- 


Jowett,  Albert 


8.  Grummitt.  W.  C. 


9.  Dundas.  R.  H. 


Ordinary  Members. 

Holder  of  1st  class  certificate  of  competency 
under  British  Coal  Mines  Act.  Deputy 
Colliery  Manager,  G.I. P.  Ry.,  Mohpani 
Colliery.  Mohpani.  C.P. 

Mining  Engineer  (Metalliferous).  M.I.M.M.. 
F.G.S.  The  Cape  Copper  Co.,  Ld.,  Rakha 
Mines.  P.O.  Singhbhum. 

B.Sc  (Edin.).  Ph.D.  Chemist,  Geological 
Survey  of  India,  Calcutta. 

A.R.S.M..  A.R.C.S.,  F.G.S.  Asst.  Superin- 
tendent, Geological  Survey  of  India,  Cal- 
cutta. 

Mining  Engineer,  Messrs.  Kilburn  &  Co., 
4.  Fairlie  Place,  Calcutta. 

Colliery  Manager.  The  Tata  Iron  and  Steel 
Co.,  Ld..  Mulkera-Choitodih  Colliery,  Kat- 
rasgarh. 

Geologist.  D.Sc.  (Leeds),  M.Sc.  (Manches- 
ter 1.     Messrs.  Bird  &  Co.,  Calcutta. 

Geologist.  B.Sc.  (Manchester).  Messrs.  Bird 
&  Co.,  Calcutta . 

Colliery  Manager.  Holder  of  1st  class  certi- 
ficate nf  competency  under  British  Coal 
Mines  Act.     Jamadoba,  Manbhum. 


4.  Fourteen  members  have  resigned : — Messrs.  T. 
Caplen,  C.  J.  E.  David,  R.  H.  Haggie,  T.  R.  Lucas,  J.  W. 
Meares,  Robt.  Mitchell,  C.  Nairne,  E.  M.  Patterson,  H. 
Kilburn  Scott,  Chas.  E.  Simmonds,  Hiralal  Sukul,  W.  H. 
Topham,  M.  W.  Travers  and  C.  M.  P.  Wright.  The  follow- 
ing names  have  been  removed  from  the  list  of  members 
under  Rule  14  of  the  Articles  of  Association: — Messrs.  J. 
Boisogomoff,  J.  J.  Marshall,  W.  O.  Mitchell,  T.  Morrison, 
H.M.  Page,  T.  C.  Piggford,  J.  Thomas  and  D.  Thomson. 
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We  have  to  note  with  regret  the  death  of  Mr.  W. 
Hutton  Williams  who  was  killed  in  action  in  Northern 
France. 

5.  Meetings  of  the  Institute  were  held  as  follows : — 
Annual  General  Meeting,  Calcutta.  29th  January,  1915. 
First  Ordinary  General  Meeting,  Asansol,  22nd  February,  IQI5- 
Second      „             „               „         Jharia.  22nd  March.  iqi5- 
Third         „                              ,,         Dhanbad,  16th  August,  IQ15. 

The  1st  and  3rd  Ordinary  General  Meetings  were  held 
for  the  reading  and  discussion  of  papers  only ;  at  the  2nd 
Ordinary  General  Meeting,  a  geological  excursion  was 
made  to  Bhulanbararee  and  the  neighbouring  areas. 

6.  The  following  papers  were  read  or  discussed  : — ■ 

1.  Notes  on  the  Geological  Re-Survey  of  the  Raniganj  Coalfield. 

By  H.  Walker. 

2.  Hydraulic  Packing  at  Ballarpur  Colliery.      By  R.  S.  Davies. 

3.  Practical  Notes  on  the  various  systems  of  underground  haul- 

age applicable  to  Indian  Mines.     By  R.  H.  Husband. 

7.  Two  parts  of  Transactions  have  been  published, 
forming  Part  2  of  Vol.  IX,  and  Part  1  of  Vol   X.     Vol. 

IX,  Part  2  was  issued  to  members  on  22nd  May  and  Vol. 

X,  Part  1  on  6th  September,  191 5. 

8.  Eight  Council  meetings  were  held  during  the  year 
for  the  election  of  members  and  transaction  of  the  current 
business  of  the  Institute. 

9.  In  connection  with  the  sale  of  the  geological  map 
of  the  Raniganj  coal-field,  it  was  suggested  that  sections  of 
bore-holes  or  shafts,  if  available,  should  be  printed  as  a 
supplement  to  the  map.  Circulars  were  issued  to  mem- 
bers residing  in  the  coal-fields  and  several  sections  have 
now  been  received. 

10.  Jharia  Map  Committee — During  the  year  no 
meetings  of  the  Committee  were  held.     It  is  expected  that 
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the  whole  of  the  work  on  the  rough  sheets  will  be  com- 
pleted by  the  end  of  the  present  cold  season.  Only  small 
gaps  now  remain  to  be  filled.  Considerable  progress  has 
been  made  with  the  preparation  of  the  finished  sheets. 

Except  for  periods  of  leave  the  Committee's  Surveyor 
has  been  at  work  continuously  throughout  the  year. 

ii.  Subsidence  Committee. -The  Committee  consisted 
of  the  same  members  as  during  the  previous  year,  viz.  :— 
Messrs.  Glen  George  (Chairman),  R.  G.  M.  Bathgate  J.  S. 
Kean,  P.  S.  Keelan,  F.  Owen,  A.  B.  Hughes  and  G.  F. 
Adams  (Honorary  Secretary). 

One  meeting  was  held  during  the  year.  A  surveyor 
was  engaged  and  commenced  his  duties  on  the  ist  Febru- 
ary Circulars  were  addressed  to  colliery  managers  invit- 
ing their  co-operation,  and  the  response  has  been  very 
encouraging.  It  is  to  be  hoped  that  all  members  at  whose 
collieries  goafing  operations  are  in  progress  or  sudden 
subsidences  have  occurred  will  communicate  with  the 
Honorary  Secretary.  Observations  have  been  made  in  14 
mines  in  workings  varying  in  depth  from  79  feet  to  45<> 
feet.     Five    mines   have   been    surveyed   three  times  and 

nine  twice. 

12  \s  the  vast  majority  of  the  members  of  the 
Institute  reside  in  the  coal-fields  of  Bengal  and  Bihar  and 
Orissa  it  has  been  considered  advisable  to  move  the 
library  there  from  Calcutta.  It  was,  therefore,  split  up 
into  two  sections,  one  at  Sitarampur  and  the  other  at 
Jharia  under  Messrs.  G.  C  Leach  and  R.  F.  Campbell 
respectively  as  Honorary  Librarians. 

An  exchange  of  Transactions  has  been  arranged,  dur- 
ing the  year,  with  the  Patent  Office,  London. 

13  The  prize  offered  by  the  Government  of  India 
for  the  best  paper  read  before  the  Institute  was  divided 
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equally  between  Messrs.  A.  W.  G.  Bleeck  and  T.  S.  Gibson 
for  their  respective  papers  on  "  Contributory  Notes  to  the 
Economic  Geology  and  the  results  of  Petroleum  Borings 
on  the  Minbu  Oilfield  ' '  and  ' '  Proposals  for  shaft  bottom 
arrangements  and  methods  of  working  in  deep  seams." 

14.  Institute  Prizes.— Of  the  three  Institute  prizes  of 
Rs.  100  each  011  three  different  subjects,  papers  were 
submitted  dealing  with  one  subject  only,  viz.  "  Laying  out 
a  Pit  Bottom  for  an  Indian  Colliery, ' '  and  the  prize  was 
awarded  to  Mr.  R.  H.  Husband  for  his  paper  on  that 
subject. 

15.  The  following  is  the  financial  statement  for  the 
year  191 5.  The  revenue  of  the  Institute  for  the  year  is 
Rs.  8,801-10-2.  Of  this  amount  Rs.  7,048-5-4  has  been 
derived  from  subscriptions  compared  with  Rs.  7,643-5-4 
in  the  previous  year.  Transactions  and  Maps  sold  and 
advertisements  realized  Rs.  550-5-6  as  compared  with 
Rs.  1,886-9-6,  and  the  amount  received  for  interest  is 
Rs.  1,202-15-4,  as  compared  with  Rs.  1,223-1-8  in  the  pre- 
vious year. 

The  expenditure  is  Rs.  9,230-4-0  as  against  Rs. 
10,150-13-8  in  the  previous  year.  A  sum  of  Rs.  390  has 
been  written  off  on  account  of  subscriptions  for  191 4  not 
recovered. 

The  deficit  of  income  over  expenditure  is  Rs.  428-9-10 ; 
as  the  balance  at  the  end  of  1914  was  Rs.  23 ,433-5-9,  the  cre- 
dit balance  of  the  Institute  now  stands  at  Rs.  23,004-11-11. 

A  sum  of  Rs.  270,  resulting  from  the  realization  of 
entrance  fees,  has  been  credited  to  capital. 
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The  President : — I  propose  that  the  Report  as  read,  and 
the  Accounts  as  put  before  you,  be  passed  and  adopted. 

Mr.  G.  George: — I  beg  to  second  that. 

The  motion  was  then  put  to  the  meeting  and  carried 
unanimously. 

The  President  then  opened  and  read  the  following  :— 

REPORT  OF  THE  JUDGING  COMMITTEE  ON  PAPERS 
RECEIVED  DURING  THE  YEAR   1915. 

Members: — Messrs.  G.  F.  Adams.  A.  C.  Banerjee,  J.  S.  Kean,  C.  S. 
Middlemiss  and  F.  Owen. 

The  award  of  the  Prize  Committee  for  the  Government  Prize  is 
that  the  prize  should  be  divided  equally  between  Mr.  R.  H.  Husband 
for  his  paper  on  "  The  various  systems  of  underground  haulage  appli- 
cable to  Indian  Mines  "  and  Mr.  R.  S.  Davies  for  his  paper  on  "  Hydrau- 
lic Packing  at  Ballarpur  Collierv."  _       ,      _ 

tor  the  Committee . 

(Signed)  G.  F.  Adams. 

Pending  the  result  of  the  examination  of  the  voting 
papers  by  the  scrutineers,  the  President  called  on  Mr. 
Adams  to  read  the  paper  on  "A  description  of  the  methods 
of  working  out  the  pillars  at  the  Mohpani  Mines  by  means 
of  packing  and  a  comparison  of  the  dry  and  wet  systems 
of  packing  "  ;  this  was  read  and  partially  discussed. 

Mr.  H.  H.  Reynolds,  the  Honorary  Secretary,  then 
read  the  result  of  the  voting  for  Officers  and  Council, 
which  was  as  follows: — 

President : 

H.  H.  Hayden,   c.i.e.,   f.r.s.,    d.sc,  b.a.,    b.a.i.  (t.c.d.),   f.g.s., 
Director.  Geological  Survey  of  India. 

V ice-Presidents  : 
F.  L.  G.  Simpson,  M.I.M.E.,  F.G.S. ,    Colliery    Manager,    Mohpani 

Colliery. 
R.  G.  M.   Bathgate,    f.g.s.,    General  Manager,  East  Indian  Coal 

Co.,  Ld. 
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Honorary  Treasurer  and  Editor  of  Transactions  : 
L.  L.  Fermor,    a.r.s.m..    d.sc.    f.g.s.,  Superintendent.  Geological 
Survey  of  India. 

Honorary  Secretary  : 
H.  H.  Reynolds.  m.i.E.E.,  Consulting  Engineer. 

Members  of  the  Council. 

i.     A.  C.  Banerjee,  m.a..  Messrs.  A.  C.  Banerjee  &  Co. 

2.     H.  D.  Coggan.  Manager.  Central  India  Mining  Co.,  Ld. 

Glen  George,  b.sc.  a.m.i.c.E.,  Chief  Mining  Engineer.   Bengal 
Coal  Co.,  Ld. 

W.  J.  Greener.  Messrs.  Bird  &  Co. 

5.  J.  S.  Kean.  Genl.  Manager.  Raniganj  Coal  Association. 

6.  W.  A.  Lee,  Messrs.  W.  A.  Lee  &  Co. 

7.  G.  C.  Leach.  m.i.m.E.,  a.i.e.e.,  Inspector  of  Mines  in  India. 

8.  C.  H.  McCale.  Manager.  Damuda  Coal  Co.,  Ld. 
C.  S.  Middlemiss.  b.a.  (Cantab),  F.G.S.,  Superintendent.  Geo- 
logical Survey  of  India. 

10.  A.  Mort,  Colliery  Manager.  N.  \V.  S.  Ry.  Collieries. 

11.  W.  H.  Phillips,  m.i.m.e..  f.g.s.,  Manager,  Bikanir  State  Mines. 

12.  C.  H.  Richards,  m.i.m.e..  Superintendent,  Nundydroog  Mine. 

13.  T.  Samson,  m.i.m.e..  General  Manager.  Khas  Collieries. 

14.  G.  C.  Webster,  Mining  Engineer,  Messrs.  F.  W.  Heilgers  &  Co. 

15.  \V.  J.  Wood.  Messrs.  Shaw  Wallace  &  Co. 

Mr.  E.  H.  Roberton  : — I  rise  to  propose  a  vote  of  thanks 
to  the  President  and  Council  for  their  work  during  the 
past  year. 

Lt.-Col.F.  Cunynghame  Hughes: — I  beg  to  second  that. 

The  motion  was  carried  with  acclamation. 


The  President  then  delivered  the  Presidential  Address. 


Presidential  Address. 


BY 


M.    M.    Hayden.   C.I.E..    D.Sc.    F.R.S. 

Gentlemen,— When  you  were  good  enough  to  elect  m 
your  President  last  year,  I  hoped  that  by  the  time  our 
next  Annual  Meeting  came  round,  we  might  have  seen  the 
end  of  the  war  and  the  re-establishment  of  normal  condi- 
tions, which  would  have  enabled  us  to  resume  this  evening 
our  custom  of  holding  an  annual  dinner  ;  unfortunately  we 
are  apparently  not  yet  within  sight  of  the  end  of  the  war , 
and  I  am  sure  you  will  all  agree  with  me  that  this  is  no 
time  for  public  festivities  and  that  the  Council  have  decided 
rightly  in  suspending  our  Annual  Dinner  till  the  clouds 
which  still  hang  over  the  Empire  have  dispersed.  Even 
among  the  members  of  the  Institute  the  war  has  taken  its 
toll,  and  we  have  to  deplore  the  loss  of  Mr.  Hutton-Williams 
who  was  killed  in  action  in  France.  At  least  fifteen  other 
members  of  the  Institute  have  also  joined  His  Majesty's 
forces  and  are  now  on  service  in  one  or  other  part  of  the 
Empire. 

During  the  past  year  three  Ordinary  General  Meetings 
were  held ;  this  is  the  average  number  held  annually  since 
the  foundation  of  the  Institute.  One  of  those  meetings 
took  the  form  of  a  geological  excursion,  which  proved  to 
be  more  popular  than  I  had  dared  to  anticipate,  and  I  had 
hoped  to  be  able  to  arrange  for  other  excursions  of  a 
similar  kind  during  the  latter  part  of  the  year ;  but  urgent 
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work  involved  my  absence  from  this  part  of  India  for  the 
whole  of  the  period  that  was  suitable  for  such  excursions 
after  the  close  of  the  monsoon.  I  hope,  however,  that 
during  the  coming  year  we  may  be  able  to  make  these  a 
more  prominent  feature  of  our  meetings.  We  had  also 
hoped  to  make  excursions  to  places  of  interest  outside 
Bengal  and  Behar,  and  arrangements  were  made  for  visits 
to  the  Kolar  gold-fields  and  to  the  Ballarpur  Colliery  and 
manganese  mines  in  the  Central  Provinces.  Both  these 
projected  visits  unfortunately  fell  through,  members  find- 
ing that  they  were  unable  to  go  so  far  afield.  It  is 
particularly  unfortunate  that  the  proposal  to  visit  the 
Central  Provinces  did  not  meet  with  more  support,  since 
apart  from  the  interest  of  visits  to  the  manganese  mines, 
the  experience  that  would  have  been  gained  at  Ballarpur 
of  the  practical  application  in  an  Indian  mine  of  the 
methods  of  hydraulic  stowage  would  have  been  of  great 
value  to  those  engaged  in  coal-mining  in  other  parts  of 
India ;  there  is  very  little  doubt  that  the  method  will  be 
more  widely  adopted  in  this  country  at  no  distant  date  and 
the  proposed  visit  would  have  afforded  a  practical  demon- 
stration in  illustration  of  the  interesting  paper  read  to  us  by 
Mr.  Davies  at  our  meeting  in  August  last.  Only  two  mem- 
bers directly  interested  in  coal-mining,  however,  expressed 
their  ability  to  join  the  excursion,  which  has  therefore 
been  postponed  to  a  future  occasion.  It  is  to  be  hoped  that 
after  the  war  conditions  will  be  more  favourable  and  will 
permit  of  members  availing  themselves  of  the  advantages 
offered  by  visits  of  this  kind. 

Last  year  I  reviewed  very  briefly  the  progress  that  had 
been  made  by  the  mineral  industries  of  India  during  the 
lifetime  of  this  Institute,  and  I  drew  your  attention  more 
particularly  to  certain  minerals  which  formed  the  bases  of 


1916.]  PRESIDENTIAL    ADDRESS.  13 

new  or  of  recently  established  industries.  At  that  time 
the  war  was  only  six  months  old,  and  although  there  were 
already  distinct  marks  of  its  effects  on  the  mineral  indus- 
tries of  the  world,  there  was  still  much  to  be  learnt,  not 
only  as  to  the  real  conditions  prevailing  in  the  past,  but 
also  as  to  the  developments  that  were  to  be  expected  in 
the  immediate  future.  So  much  has  happened  in  the  inter- 
val and  so  important  are  the  issues  involved  to  the  mineral 
industries  of  this  country  that  I  make  no  apology  for  return- 
ing to  the  subject  in  my  address  to  you  to-day. 

One  of  the  most  striking  of  the  many  revelations 
brought  home  to  us  by  the  war  is  the  enormous  hold  that 
Germany  had  obtained  over  the  world's  metal  markets 
and  the  vast  ramifications  of  the  German  metal  ring.  For 
years  past  Germany  had  been  gradually  acquiring  control 
not  only  of  metals  but  of  the  raw  materials  for  their 
production ;  her  activities  extended  all  over  the  world  and 
embraced  not  only  Europe  but  America,  Australia  and 
India.  Thus,  for  example,  she  had  acquired  control  of  the 
zinc  ores  of  Australia,  where  the  Zinc  Corporation  had 
contracted  to  sell  her  their  concentrates  until  the  year  19 19. 
The  whole  of  the  wolfram  output  of  Burma  went  to  Ger- 
many, and  the  world  was  dependent  on  her  for  a  great 
part  of  its  supply  of  tungsten  and  of  f erro-tungsten .  Again , 
the  monazite  sands  of  Travancore  were  controlled  by  her, 
and  she  regulated  the  price  and  output  of  the  mineral  and 
the  production  from  it  of  thorium  nitrate,  thereby  controll- 
ing also  the  gas-mantle  industry.  These  are  only  three  of 
the  many  instances  that  might  be  adduced  to  show  the 
thorough  but  insidious  manner  in  which  Germany  had 
gradually  acquired  an  industrial  position  of  extraordinary 
power. 

One  of  the  most  sensational  features  of  the  world's 
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metal  markets  during  the  last  18  months  was  the  rapid  and 
phenomenal  rise  in  the  price  of  spelter  ;  the  normal  pre-war 
rate  of  from  £22  to  £25  per  ton  was  but  little  affected  until 
the  end  of  1914,  when  a  rapid  rise  took  place,  and  by  the 
middle  of  1915  the  price  reached  £115.  This  was  due  to 
the  fact  that  the  three  principal  zinc-producing  countries 
of  the  world  were,  in  1914,  America,  Belgium  and  Germany, 
America's  share  of  the  world's  production  being  about 
one-third,  Germany's  a  little  less,  and  Belgium's  one- 
fifth;  thus,  soon  after  the  beginning  of  the  war  Germany 
controlled  more  than  half  the  world's  retorts;  the  Allies 
could  not  readily  increase  their  distilling  capacity,  since 
this  called  for  both  leisure  and  men  ;  and  most  of  the 
world  was  forced  to  turn  to  America  for  its  zinc. 

The  case  of  tungsten  was  similar,  for  half  the  world's 
supply  of  ore  was  absorbed  by  Germany,  who  produced 
the  metal,  and  Great  Britain  was  dependent  on  that 
country  for  her  supply  of  tungsten  for  the  manufacture 
of  high-speed  tool-steel.  This  supply  was  stopped  when 
war  broke  out,  and  it  soon  became  evident  that  something 
must  be  done  ;  steps  were  taken  b}7  certain  steel-manufac- 
turers in  Great  Britain  to  produce  their  own  tungsten,  and 
a  company  known  as  the  High  Speed  Steel  Alloys  was 
formed  for  the  purpose.  Prices  of  ore  rose  rapidly,  and  in 
order  to  obviate  the  detrimental  effects  of  domestic  com- 
petition and  speculative  buying  in  the  case  of  a  material 
so  essential  to  the  county  in  war  time,  the  British  Govern- 
ment fixed  the  price  at  55s.  per  unit  of  WO3  for  65  per 
cent  ore ;  this  offers  an  enormous  profit  to  the  producer, 
who  before  the  war  was  receiving  less  than  ,£100  per  ton 
for  his  wolfram,  while  the  present  price  represents  a  figure 
of  approximately  between  £180  and  £190  per  ton  of  ore 
of  the  average    quality   produced  in  the   Indian   Empire. 
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The  tungsten  industry  has  thus  been  taken  out  of  Ger- 
many's hands,  and  none  of  the  ore  produced  in  the 
British  Empire  is  at  present  sold  to  producers  of  tungsten 
who  are  other  than  British ;  a  new  British  industry  has 
thus  been  established  and  will,  it  is  hoped,  be  kept  in 
our  hands  after  the  war. 

If  the  tungsten  industry  has  been  taken  by  us  from 
Germany,  why,  it  may  be  asked,  should  not  others  also  be 
taken.  This  is  indeed  the  question  that  has  been  occupy- 
ing the  minds  of  many  of  the  leaders  of  scientific  and 
industrial  thought  in  the  Empire  ever  since  the  effect  on  the 
world's  markets  of  the  stoppage  of  German  trade  began 
to  be  felt.  It  is  one  worthy  of  the  most  serious  considera- 
tion ;  but  if  such  consideration  is  to  be  of  ultimate  practi- 
cal value,  it  should  not  be  delayed ;  for  the  longer  it  is 
postponed,  the  nearer  we  approach  to  the  end  of  the  war, 
and  consequently  the  less  time  we  have  to  make  our 
preparations  for  the  industrial  battle  that  is  to  follow. 

Much  has  been,  and  might  still  be,  said  on  this  sub- 
ject, which  is  one  of  extraordinary  interest.  I  intend, 
however,  to  deal  only  with  the  limited  aspect  of  the 
mineral  industries  more  intimately  associated  with  India. 

To  the  man  in  the  street  who  has  been  accustomed 
to  obtaining  certain  commodities  from  Germany  or  Aus- 
tria and  who  now  finds  himself  either  compelled  to  do 
without  them  or  able  to  obtain  them  only  with  great 
difficulty,  the  natural  question  arises,  why  do  we  not  make 
them  ourselves  ?  In  this  category — I  refer  only  to  miner- 
als and  their  derivatives — are  such  important  articles  as 
the  aniline  dyes,  potash  manures,  glass,  spelter  and  others 
which  will  no  doubt  occur  to  you.  Can  we,  or  ought  we 
to  be  able  to,  produce  any  of  these  in  India,  and  if  so, 
would  the  proposition  be  commercially  sound  ?     So  far  as 
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our  ability  to  produce  is  concerned,  we  have  the  raw 
material  for  many  industries ;  thus  coal  for  the  aniline 
dyes  and  other  tar  derivatives  ;  zinc-ore  for  spelter ;  sand 
and  quartz  for  glass,  potash  salts  for  manure,  bauxite  for 
the  manufacture  of  alum  and  aluminium,  and  numerous 
other  minerals  which  form  the  bases  of  industries.  The 
mere  fact  of  the  existence  of  the  raw  materials  is  not 
sufficient  however  ;  it  is  essential  that  they  should  also  be 
present  in  suitable  quality  and  quantity,  and  that  the 
conditions  necessary  for  their  exploitation  and  treatment 
should  also  co-exist.  Thus  for  the  establishment  of  a 
smelting  industry,  we  must  have,  in  addition  to  ore,  either 
fuel  or  water-power  to  provide  the  necessary  energy,  for 
unless  these  are  obtainable  at  a  reasonable  cost,  the  in- 
dustry may  not  be  able  to  compete  against  imports  from 
abroad.  Similarly,  it  is  necessary  to  have  transport 
facilities  for  disposal  of,  as  well  as  an  adequate  market 
for,  the  finished  product.  These  are  only  a  few  of  the 
considerations  that  must  be  taken  into  account  in  con- 
nection with  any  attempt  to  establish  a  new  mineral 
industry.  The  question  of  a  market  is  one  which  requires 
special  consideration  in  India  ,  in  the  case  of  certain 
minerals  and  metals  the  demand  in  this  country  alone  is 
sufficient  to  support  a  large  industry  ;  thus,  in  the  case  of 
iron  and  steel  (including  cutlery  and  hardware),  the  value 
of  the  annual  imports  into  India  in  1914  was  over  twenty- 
seven  million  pounds  sterling.  Some  idea  of  the  possi- 
bilities of  the  industry  can  be  derived  from  the  fact  that 
whereas  some  five  million  tons  of  iron  and  steel  in  the  form 
of  rails,  girders,  sleepers,  pigs  and  ingots  were  imported  in 
the  year  1914.  the  quantities  produced  by  the  iron  and 
steel  works  in  this  country  amounted  to  less  than  300,000 
tons  ;  there   is  thus  a   wide   margin   left   for   local   effort. 
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India  also  imports  annually  over  rive  million  pounds' 
worth  of  iron  and  steel  machinery,  but  materials  of  this 
kind  are  probably  too  highly  specialised  and  too  diverse 
to  offer  any  likelihood  of  profitable  manufacture  on  a  large 
scale  at  present.  In  the  case  of  iron  and  steel,  however, 
the  Tata  Iron  and  Steel  Company  and  the  Bengal  Iron 
and  Steel  Company  have  made  a  beginning  and  may 
confidently  be  expected  to  extend  their  operations  gradu- 
ally until  much  of  the  imported  material  is  replaced  by 
the  indigenous  product. 

Having  regard  to  the  immense  volume  of  the  imports, 
the  case  of  iron  was  clearly  one  for  the  establishment  of 
an  indigenous  industry,  but  even  this  was  not  as  simple 
as  might  have  been  supposed,  and  the  present  result  has 
been  achieved  only  after  the  most  strenuous  efforts  and 
the  minutest  attention  to  detail  on  the  part  of  all  con- 
cerned. India  no  doubt  possesses  vast  quantities  of  iron- 
ore  of  excellent  quality,  but  it  is  not  sufficient  merely  to 
find  a  suitable  ore -body ;  for  the  production  of  iron  and 
steel  other  materials  are  required,  such  as  coke,  manganese, 
dolomite  ;  and  the  choice  of  site  for  the  works  thus  becomes 
a  matter  of  the  highest  importance,  and  may  make  or  mar 
a  project  of  this  kind.  These  and  other  factors,  such  as 
facilities  for  transport  of  the  finished  product  to  the 
market,  complicate  the  problem,  which  can  be  solved  only 
after  long  and  careful  investigation.  If,  therefore,  the 
establishment  of  an  iron  and  steel  industry,  which  appears 
at  first  sight  to  be  a  simple  proposition  and  hardly  capable 
of  failure,  has  proved  to  be  a  matter  of  no  small  difficulty, 
it  is  desirable  to  exercise  even  greater  caution  in  putting 
forward  schemes  for  the  inauguration  of  other  industries 
of  which  the  success  is  less  self-evident.  Among  these  we 
might  include  aluminium,   for  which  we  have  enormous 
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quantities  of  the  raw  material,  ferro-manganese,  ferro 
tungsten,  glass,  artificial  manures  and  coal-tar  dyes.  In 
considering  the  possibility  of  establishing  any  of  these 
industries,  it  is  desirable,  first  of  all,  to  ascertain  what 
market  there  is  likely  to  be  for  the  finished  product ;  in 
two  cases  we  are  alread}'  exporting  the  materials  in  their 
raw  state,  as  manganese  ore  and  wolfram  respectively,  and 
it  is  a  question  for  serious  consideration  how  far  it  might 
be  profitable  to  export  both  in  the  form  in  which  they  are 
chiefly  used. 

As  regards  aluminium,  the  consumption  as  gauged  by 
the  imports  is  only  about  1,500  tons  annually,  and  an 
industry,  if  established  in  India,  would  be  compelled  to 
look  to  other  countries  for  an  outlet  for  its  metal,  at  any 
rate  for  some  time  to  come;  and  the  ruling  factor  in 
estimating  the  prospects  of  the  industry  will  be  the  dis- 
tance from  India  at  which  its  cost  of  production  will  permit 
of  its  competing  in  the  open  market  with  metal  from 
Europe  and  America. 

As  regards  manganese,  Dr.  Fermor '  has  dealt  with  the 
question  in  some  detail  and  has  shown  that  there  appears 
to  be  a  good  case  for  regarding  the  manufacture  of  ferro- 
manganese  as  a  sound  commercial  proposition. 

Of  d}'-es,  India  has  imported  annually  coal-tar  pro- 
ducts to  the  value  of  f  million  pounds  sterling.  These 
have  come  chieffy  from  Germany,  and  you  are  all  no 
doubt  aware  of  the  serious  shortage  of  aniline  dyes  that 
has  resulted  from  the  war.  In  consequence  of  this,  steps 
have  recently  been  taken  in  England  to  re-establish  an 
industry  which  was  originally  British,  but  which  soon 
passed  out  of  our  hands  into  those  of  Germany  in  conse- 


1   Memoirs,  Geol.  Surv.  India,  Vol.  XXXVII,  page  48. 
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quence  of  the  admirable  methods  of  industrial  organisa- 
tion which  prevail  in  the  latter  country.  In  Germany 
industries  are  not,  like  those  in  Britain,  content  to  stand 
still ;  with  them  are  associated  the  leading  scientific  men 
of  the  Universities,  and  their  efforts  are  perpetually 
directed  towards  improving  existing  methods  and  to  find- 
ing new  and  more  efficient  ones.  The  German  aniline 
industry  is  now  an  enormous  one  and  the  magnitude  of 
the  task  involved  in  capturing  part  of  it  is  such  that  a 
very  large  amount  of  capital  will  be  involved ;  many  diffi- 
culties will  have  to  be  faced,  and  the  present  state  of 
industrial  enterprise  in  India  is  hardly  such  as  to  hold  out 
hopes  of  a  successful  attempt  to  meet  her  demand  for 
coal-tar  dyes  by  the  erection  of  works  in  this  country. 

The  industry  which,  perhaps  more  than  any  other, 
calls  for  the  attention  of  those  interested  in  industrial 
development  in  India  is  the  glass  industry.  Numerous 
attempts  have  been  made  from  time  to  time  to  establish 
glass-works,  but  none  has  been  particularly  successful, 
either  for  lack  of  funds  or  of  suitable  raw  materials,  or  for 
want  of  technical  skill,  or  from  disregard  of  elementary 
economic  principles.  So  far  as  the  higher  qualities,  such 
as  the  best  table-glass,  are  concerned,  conditions  for  their 
manufacture  on  a  profitable  basis  are  not  yet  established , 
but  of  glass  to  the  value  of  about  i|-  million  pounds  ster- 
ling imported  into  India  annually,  nearly  half  consists  of 
superior  glass  bangles,  which  it  ought  to  be  possible  to 
manufacture  in  this  country.  Large  quantities  of  these 
were  formerly  imported  from  Austria,  and  the  outbreak  of 
war  and  cessation  of  imports  provided  an  opportunity  for 
the  capture  of  the  industry ;  no  time  was  lost  in  seizing 
this  opportunity;  it  was  taken,  however,  not  by  India 
unfortunately,   but  by  Japan,   whose  performance  offers 
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a  striking  example  of  business  acumen  and  enterprise. 
During  the  year  ending  March  31st,  1914,  the  value  of 
the  imports  of  glass  bangles  into  India  from  Japan  was  a 
little  under  Rs.  2,000;  during  the  following  year  the 
figure  rose  to  over  Rs.  1,27,000,  and  for  the  nine  months 
April  to  December,  1915,  it  has  reached  the  astounding 
figure  of  nearly  Rs.  5J  lakhs,  representing  nearly  38  million 
pairs  of  bangles.  Here  would  seem  to  have  been  an  ad- 
mirable opportunity  for  indigenous  enterprise ;  unfortu- 
nately, India  was  not  quick  enough  and  the  opportunity 
was  seized  by  others. 

Of  the  industries  enumerated  above  before  the  war 
two  were  entirely,  and  one  very  largely,  in  the  hands  of 
Germany  or  Austria;  these  are  aniline  dyes,  tungsten  and 
glass,  and  they  would  natural^  attract  most  attention  at 
present.  Another  industry  to  which  I  have  referred  is  the 
manufacture  of  artificial  manures.  This,  except  in  the 
matter  of  potash  salts,  is  not  essentially  an  enemy  indus- 
try. The  total  imports  into  India  of  manures  are  insigni- 
ficant, but  if  we  take  the  imports  into  Java  as  representing 
the  chief  market  in  the  East,  we  find  that  most  of  her 
imports  are  derived  either  from  Great  Britain  or  from  the 
Netherlands,  whereas  Germany's  share  is  comparatively 
small ;  the  value  of  her  imports  of  sulphate  of  ammonia 
alone  amounts  to  nearly  one  million  pounds  sterling  per 
annum,  whilst  other  manures,  which  presumably  include 
chiefly  superphosphates,  are  valued  at  over  £100,000.  Of 
the  sulphate  India  already  supplies  about  £6,000  worth, 
while  Australia  provides  a  little  more ;  but  practically 
Java's  whole  supply  had  been  obtained  previously  from 
Great  Britain,  the  Netherlands,  Belgium  and  Germany. 
The  amount  of  coke  made  annually  in  India  is  suffi- 
cient  to   yield  nearly  8,000  tons  of  sulphate,   while  the 
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present  production  is  not  much  more  than  ^0-th  of  that 
amount,  and  were  the  valuable  gases  which  are  now 
allowed  to  escape  into  the  atmosphere  recovered  in  the 
form  of  sulphate  and  tar,  the  country  would  be  richer  by 
more  than  £100,000  annually. 

Here,  then,  would  seem  to  be  an  opening  for  India, 
if  the  one  requisite,   cheap  sulphuric  acid,   can  be  made 
available.     At  present  acid  has  to  be  made  in  this  count ry 
from  imported  sulphur,   and  even  then  it  is  possible  to 
produce  sulphate  at  prices  which  will  enable  it  to  compete 
in  Java  with  the  European  product;   an  important  reduc- 
tion in  cost  of  production  ought  therefore  to  enable  India 
to  compete  on  favourable  terms  with  European  producers. 
Hitherto  no  indigenous  source  of  acid,  such  as  sulphur  or 
pyrites,  has  been   found  in   India    in   any  quantity,   but 
should  the   Cape  Copper   Company  smelt  their  sulphide 
ores  in  Singhbhum,  sulphuric  acid  might  be  produced  as 
a   by-product.     Another   possible   source   of    acid   is   the 
silver-lead-zinc  ore  of  the  Bawdwin  mine  in  the  Northern 
Shan  States.     This  is  being  worked  by  the  Burma  Mines 
Co.,  who  extract  the  lead  and  silver  on  the  spot,  but  have 
not  yet   dealt   with  the  zinc,   which  now  remains  in  the 
form  of  concentrates.     The   ore-body  is  said  to  be  very 
large,  and  the  mine  will  eventually  turn  out  a  considerable 
amount  of  zinc  concentrates.     Whether  the  Company  will 
undertake   the  reduction  of   these  or  will    ship   them  to 
Europe  for  treatment,  I  am  not  in  a  position  to  say ,  but 
their  reduction  in  the  Indian  Empire  would  furnish   the 
materials  for  cheap  sulphuric  acid.     This  should  lead  to 
the  establishment  of  other  industries  for  which  that  acid 
is  essential,  such  as  the  manufacture  of  superphosphates 
from  the  phosphatic  nodules  found  in  the  Cretaceous  rocks 
of  Trichinopoli,  or  possibly  from  the  large  quantities  of 
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bones  which  are  now  exported.  For  some  time  a  manure 
industry  of  any  appreciable  dimensions  must  depend  for 
its  outlet  on  exports,  since  the  amount  used  in  India 
is  insignificant  and  is  almost  entirely  restricted  to  the 
tea  industry ;  the  reluctance  of  the  Indian  ryot  to  adopt 
innovations  is  such  that  it  must  take  many  years  to  bring 
home  to  him  the  value  of  artificial  manures.  No  better 
example  of  the  effects  of  his  lack  of  regard  for  the  true 
interests  of  the  soil  can  be  found  than  the  oft-quoted  case 
—to  which  attention  has  so  frequently  been  drawn  by  Sir 
Thomas  Holland— of  the  large  export  trade  in  bones, 
through  which  thousands  of  tons  of  valuable  phosphatic 
manures  are  annual^  lost  to  the  county. 

I  have  already  referred  briefly  to  the  fact  that  the 
production  of  tungsten  is  now  a  British  industry,  for  which 
the  Indian  Empire  supplies  the  greater  part  of  the  raw 
material.  The  serious  situation  which  arose  soon  after 
war  broke  out  from  the  fact  that  Germany  held  a  mono- 
poly for  the  production  of  tungsten  in  Europe,  led  to 
vigorous  action  with  a  view  to  obtaining  an  ample  supply 
for  the  manufacture  of  high-speed  tool-steel  in  Britain. 
As  Burma  is  a  large  producer,  special  steps  were  taken 
and  a  staff — consisting  of  the  Deputy  Commissioner  of  the 
district  with  a  member  of  the  Geological  Survey  as  his 
technical  adviser — was  appointed  to  supervise  the  mining 
industry  of  Tavoy,  which  is  one  of  the  chief  producing 
districts  of  the  world.  The  measures  thus  taken  have 
resulted  in  a  remarkable  increase  of  production  conse- 
quent on  the  employment  of  more  vigorous  and  more 
efficient  methods,  and  the  amount  won  during  the  last 
three  months  of  the  year  1915  was  almost  double  the 
normal  amount.  Steps  have  also  been  taken  to  introduce 
a  large  supply  of  labour,  but  this  has  only  just  arrived 
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and  its  effects  cannot  be  felt  for  some  time.  It  is  hoped, 
however,  that  this,  together  with  the  other  steps  previous- 
ly taken,  will  lead  to  a  still  greater  increase  in  production. 
This,  however,  will  inevitably  take  time.  Criticism  and 
advice  have  not  been  wanting  and  amateur  experts  have 
put  forward  in  the  public  press  infallible  prescriptions  for 
immediate  increase  of  output.  Unfortunately  they  ignore 
the  all-important  fact  that  with  the  best  intentions  in  the 
world  on  the  part  of  all  concerned,  mines  cannot  be  opened 
and  brought  to  the  producing  stage  all  in  a  day,  and  even 
with  the  increased  labour  force,  several  months  must 
elapse  before  the  full  effects  of  the  action  taken  is  likely  to 
be  felt ;  but  the  keen  personal  interest  exhibited  in  the 
industry  by  the  Lieutenant-Governor  of  Burma  is  a  guarantee 
that  no  pains  will  be  spared  locally  to  expand  the  industry. 
If  the  final  result  is,  as  ma}r  reasonably  be  hoped,  the 
increase  of  Burma's  share  of  the  world's  production  to  4,000 
or  5,000  tons  of  wolfram  per  annum,  the  question  arises  as 
to  the  extent  to  which  the  industry  will  be  able  to  survive 
the  drop  in  prices  which  will  inevitably  occur  after  the 
war,  when  the  present  excessive  demand  for  high-speed  steel 
in  connection  with  the  manufacture  of  armaments  ceases 
to  exist.  The  world's  output  is  everywhere  being  increased, 
and  we  shall  be  faced  with  a  greatly  increased  output  and 
a  demand  not  necessarily  higher  than  that  prevailing  be- 
fore the  war.  If  therefore  we  are  to  survive  the  competi- 
tion that  is  likely  to  ensue,  we  must  have  our  industry  estab- 
lished on  thoroughly  sound  foundations.  So  far  as  mining 
of  the  mineral  is  concerned,  this  has  been  far  from  the  case 
in  the  past.  The  industry  was  in  the  hands  of  a  large 
number  of  concessionaries,  many  of  whom  had  neither  the 
means  nor  the  ability  to  develop  their  holdings,  and  the 
mining  fell  into  the  hands  of  Chinese  tributors,  who  were 
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rapidly  picking  the  eyes  out  of  the  country.  With  rare 
exceptions ,  qualified  mining  engineers  were  non-existent  and 
the  industry  was  being  exploited  almost  entirely  on  the 
get-rich-quick  principle,  whether  the  medium  employed 
was  the  stock  exchange  or  the  Chinese  tributor.  There 
have  always  been  certain  notable  exceptions,  to  whom 
every  credit  is  due  for  their  persistent  employment  of  sound 
methods  of  mining  practice,  and  they  will  no  doubt  reap 
their  reward,  if  they  have  not  already  begun  to.  do  so. 
The  present  high  price  of  the  ore  offers  a  favourable  oppor- 
tunity for  development  to  be  carried  out  in  the  most 
efficient  manner,  and  those  mines  that  now  take  advantage 
of  this  will  be  in  the  best  position  afterwards  to  keep  their 
cost  of  production  within  a  figure  that  will  enable  them  to 
compete  with  producers  in  other  parts  of  the  world. 
India's  chief  rival  in  the  European  market  will  be  Portugal, 
while  in  the  United  States  she  will  have  to  compete  with 
Argentina,  Bolivia,  Chile  and  Peru,  for  such  quantities  as 
may  be  required  over  and  above  the  local  supply.  In  all 
cases,  therefore,  India  will  be  at  a  disadvantage  as  regards 
cost  of  carriage  to  her  markets;  but  such  disadvantage 
might  perhaps  be  overcome  by  export  of  the  finished,  or 
partially  finished,  product  instead  of  the  raw  material. 
Shortly  before  the  war,  the  price  of  wolfram  ranged  between 
28  and  33  shillings  per  unit,  the  price  of  80  per  cent  ferro- 
tungsten  being  about  zs.  gd.  per  pound  of  tungsten  content ; 
the  respective  prices  of  the  raw  material  and  of  ferro- 
tungsten  were  thus  approximately  £100  and  £250  per  ton. 
The  present  prices,  viz.  £185  and  over  £650  respectively, 
are  artificial,  and  I  therefore  take  the  pre-war  prices  as 
representing  the  normal  condition  of  the  industry.  Assum- 
ing ore  to  carry  65  per  cent  WO3,  the  theoretical  amount 
required  to    make   a   ton   of   80   per   cent   ferro-tungsten 
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would  be  about  i-54  ton;  it  would  of  course  be  more  in 
practice ;  if  we  assume  the  figure  to  be  as  high  as  175  ton, 
the  ore  required  to  make  £250  worth  of  ferro  would  cost 
£175,  thus  leaving  a  margin  of  £75  per  ton  for  cost  of  manu- 
facture, freight,  etc.  I  have  no  figures  for  the  cost  of 
manufacture,  but  have  seen  it  put  at  less  than  £50  per  ton  ; 
if  this  is  correct,  the  manufacture  of  ferro-tungsten  would 
seem  to  be  a  proposition  worth  serious  consideration, 
especially  if  it  could  be  carried  out  in  the  neighbourhood  of 
Tavoy  itself ;  this  would  involve  the  adoption  of  the  electri- 
cal method,  whereas  if  reverberator}-  furnaces  were  to  be 
employed  it  would  probably  be  preferable  to  carry  the  raw 
material  to  the  fuel  and  manufacture  it  in  the  neighbour- 
hood of  the  coal-fields  of  Bengal.  The  manufacture  of 
metallic  tungsten  is  a  more  complicated  and  difficult  pro- 
cess, but  even  that  ma}'  prove  to  be  worth  considering. 

I  have  now  drawn  your  attention  to  a  few  industries 
which  seem  to  offer  favourable  prospects  for  further  de- 
velopment in  the  near  future.  For  these  both  capital  and 
enterprise  are  required,  but  the  Tata  Iron  and  Steel  Works 
and  the  Tata  hydro-electric  scheme  show  that  both  have 
been  found  in  India  and  will  no  doubt  be  found  again. 
But  one  requisite  for  successful  mineral  enterprise  is  not  to 
be  obtained  readily  in  the  open  market  in  India,  and  that  is 
expert  technical  advice.  The  individual  or  firm  who  may 
be  interested  in  a  mineral  enterprise  searches,  and  often 
searches  in  vain,  for  some  one  who  will  give  him  a  reliable 
report  on  his  property  and  advise  him  as  to  methods  of 
exploitation.  I  do  not  refer  of  course  to  coal,  since  in  that 
branch  of  the  mineral  industries  of  this  country,  there  are 
fully  qualified  experts  with  both  theoretical  and  practical 
knowledge.  But  so  far  as  metallic  minerals  are  concerned, 
there  is  room  for  men  of  the  right  sort,  men  who  have  a 
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sound  knowledge  of  the  mineralogy  and  geology  of  ore 
deposits  and  who  have  also  practical  experience  of  the 
methods  of  metal  mining.  In  the  absence  of  properly 
qualified  men  of  this  type,  India  was  for  many  years  the 
happy  hunting-ground  of  the  indigent  ' '  sundowner ' ' ,  the 
flotsam  and  jetsam  of  the  colonial  mining  fields,  and  honest 
mineral  development  both  in  India  and  in  Burma  has  been 
seriously  retarded  by  the  distrust  engendered  in  the  minds 
of  the  general  public  by  the  many  wild-cat  schemes  over 
which  they  have  burnt  their  fingers.  The  Chota  Xagpur 
gold  boom  with  its  attendant  swindles,  though  it  occurred 
a  quarter  of  a  century  ago,  is  still  fresh  in  the  minds  of 
many,  while  Burma  has  furnished  in  more  recent  times  the 
material  and  the  personnel  for  other  equally  sensational  if 
less  far-reaching  coups.  But  what  can  we  expect ,  when  there 
is  nothing  to  prevent  your  chauffeur  or  your  peon  from 
calling  himself  a  mining  engineer,  and  setting  up  in  busi- 
ness as  an  ''expert"  ?  In  the  case  of  coal  and  coal-mining, 
qualifications  are  recognised  and  required,  but  I  have 
known  a  metal  mine  under  the  immediate  supervision  of  a 
mere  tally-clerk,  and  until  the  use  of  such  terms  as  "  mining 
engineer  ' '  and  ' '  consulting  geologist ' '  is  restricted  by  law 
to  those  who  can  show  a  legitimate  title  to  their  use,  the 
charlatan  whose  ignorance  is  only  equalled  by  his  auda- 
city will  continue  to  delude  the  public  and  to  line  his 
pockets  at  their  expense. 

In  recent  years,  attempts  have  been  made  to  fill  the 
want  of  a  class  of  duly  qualified  consultants,  and  man}-  of 
the  best  products  of  the  Indian  Universities  have  gone  to 
England  to  complete  their  training  as  consulting  geologists 
and  mining  engineers  ;  they  have  as  a  rule  already  obtained 
in  India  degrees  which  are  a  guarantee  that  they  have  a 
fair  theoretical  knowledge,  but  they  all  lack  the  practi- 
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cal  training  which  can  be  had  only  in  a  mine,  and  it  is  to 
this  aspect  of  their  post-graduate  work  that  one  would 
like  to  see  their  attention  directed  rather  than  to  the 
further  prosecution  of  their  theoretical  studies. 

On  all  sides  we  hear  the  cry  for  technical  schools  and 
technical  education  in  India,  but  so  far  as  mining  is  con- 
cerned it  is  not  the  technical  school  we  want  so  much  as 
the  practical  apprenticeship.  The  Universities  supply  the 
technical  knowledge,  but,  except  in  coal,  the  practical 
experience  acquired  from  daily  labour  is  not  to  be  had. 
Kven  where  it  is  to  be  had,  the  tendency  of  the  Indian 
graduate  is  still  rather  to  go  through  in  an  English  Univer- 
sity the  courses  that  he  has  already  completed  in  his  own 
country,  thus  improving  his  theoretical,  but  acquiring 
little  or  no  practical,  knowledge.  If  after  taking  his  degree 
in  this  country,  the  graduate  either  entered  a  colliery  with 
a  view  to  taking  a  manager's  certificate  through  the  sweat 
of  his  brow  or  went  through  a  similar  apprenticeship  in  an 
English  mine,  we  should  less  frequently  hear  the  complaint 
from  the  man  who  has  spent  five  years  or  more  over  his 
books  and  has  taken  degrees  in  geology  and  mining,  that 
he  can  find  no  employment  in  India.  He  comes  back 
without  the  practical  qualifications  necessary  to  get  him  a 
managership  of  a  mine  and  he  is  usually  unwilling  at  this 
stage  to  begin  at  the  beginning  and  work  his  way  up  till 
he  acquires  them  ;  he  therefore  sets  up  as  a  consulting 
geologist,  a  career  for  which  he  possesses  the  necessary 
theoretical  acquirements,  but  for  which  he  lacks  the  practi- 
cal training  that  can  be  gained  only  by  experience,  extend- 
ing over  many  years,  of  concrete  economic  investigations. 
Consulting  practice  in  geology  and  mining,  as  in  medicine, 
is  the  culmination  not  the  opening  of  a  professional  career, 
and  unless  those  who  wish  to  devote  themselves  to  it  are 
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prepared  to  begin  in  a  modest  way  and  on  small  remunera- 
tion until  they  have  gained  their  practical  knowledge  and 
experience,  the  lack  of  employment  in  this  respect  cannot 
but  continue,  and  increase  of  facilities  for  technical  educa- 
tion in  geology  and  mining,  unless  combined  with  practical 
training  as  exacting  as  that  required  in  coal- mining  for  a 
colliery  manager's  certificate,  will  merely  add  to  the 
numbers  of  literate  unemployed  and  unemployable.  The 
material  for  the  real  article  is  to  be  had,  not  in  any  great 
quantity  at  present,  but  there  is  quite  sufficient  of  it ;  and 
we  require  only  the  right  stimulus  to  apply  to  it,  so  that 
it  may  be  moulded  to  the  proper  shape.  In  that  direction 
I  believe  this  Institute  could  do  much  to  help,  by  enlisting 
the  sympathetic  co-operation  of  the  mining  community  in 
India  towards  the  training  of  would-be  mining  engineers, 
and  I  would  ask  you  to  give  the  matter  your  careful 
consideration. 

Mr.  C.  H.  McCale : — I  have  much  pleasure  in  moving  a 
vote  of  thanks  to  Mr.  Hayden,  the  President,  for  his  very 
interesting  address. 

Mr.  E.  S.  Bennertz  : — I  second  that. 

The  motion  was  carried  unanimously. 

With  a  vote  of  thanks  to  the  Asiatic  Society  for  the 
use  of  the  rooms,  the  meeting  separated. 


A  description  of  the  methods  of  working 

out  the  Pillars  at  the  Mohpani  Mines 

by  means  of  Packing  and  a  com= 

parison  of  the  Dry  and  Wet 

Systems  of  Packing. 

BY 

F.   L.   Q.   Simpson. 

(With  Seven  Plans.) 

i.  The  working  of  coal  by  means  of  packing  has 
hitherto  been  confined  almost  entirely  to  continental 
mines,  and  until  the  last  few  years  was  almost  unknown  in 
Great  Britain ,  with  the  exception  of  course  of  the  ordinary- 
packing  of  longwall  workings  with  such  material  as  was 
obtained  from  the  ripping  of  the  roads,  etc. ,  etc.  There  were 
also  cases  in  which  material  for  the  packing  of  the  Long- 
wall  had  to  be  obtained  either  by  special  rippings  in  the 
mine  or  by  bringing  it  from  surface,  but  these  were  very  ex- 
ceptional cases. 

2.  During  the  last  few  years,  however,  the  advantages 
of  packing  both  as  a  means  of  avoiding  the  subsidence  of 
the  surface,  and  as  a  means  of  getting  portions  of  the  seam 
which  would  otherwise  be  left,  and  as  the  best,  and  in 
some  cases  the  only  means  of  avoiding  underground  fires, 
have  been  more  fully  recognized  in  Great  Britain,  and  con- 
sequently various  systems  of  packing  have  been  adopted 
with  most  excellent  results. 
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3.  Packing  of  any  description  is  unknown  in  Indian 
mines  so  far,  except  at  two  collieries  I  believe,  namely  at 
Mohpani  where  it  was  introduced  by  the  writer  in  the  year 
1893,  and  at  Ballarpur  where  it  was  introduced  by  Mr. 
Davis  in  the  year  1913. 

4.  Not  only  was  packing  generally  unknown  in  India, 
but  longwall  working  was  also  almost  entirely  if  not  quite 
unknown,  and  the  extraction  of  pillars  was  confined  to  a 
few  collieries  where  special  circumstances  enabled  them  to 
be  extracted  without  recourse  to  packing. 

5.  The  special  circumstances  which  decided  us  to 
commence  packing  at  Mohpani  were  as  under  : 

the  thickness  of  the  seams ; 
working  under  a  large  river; 
liability  to  underground  fires. 

It  will  no  doubt  occur  to  some  of  my  readers  that 
similar  circumstances  prevailed  at  quite  a  number  of 
Indian  mines  where  large  areas  of  coal  were  lost  for  want 
of  packing. 

6.  The  factors  which  prevented  packing  being  gener- 
ally adopted  both  in  England  and  in  India,  were  no  doubt 
chiefly  the  expense,  and  the  absence  of  facilities  for  obtain- 
ing suitable  material,  and  for  getting  it  into  the  mine  and 
into  the  working  places  without  hindering  the  working  of 
the  colliery. 

7.  There  are,  no  doubt,  a  great  many  cases  in  which 
these  factors  are  quite  insurmountable,  but  it  is  now 
generally  recognized  that  enormous  quantities  of  coal  have 
been  lost,  and  enormous  expenses  incurred  both  in  Great 
Britain  and  in  India  for  want  of  using  packing. 

8.  The  coal  measures  in  the  Mohpani  District  lie  in 
several  separate  areas,  in  two  of  which  the  seams  have  so  far 
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been  regularly  worked,  and  which  are  known  as  the  old 
field  and  the  new  field  areas.  The  old  field  was  the 
original  area  in  which  the  coal  was  worked  and  in  which 
packing  was  introduced. 

9.  The  old  field  measures  lie  in  a  "basin"  which 
corresponds  very  nearly  with  the  shape  of  a  large  open 
space  formed  by  the  widening  out  of  the  Sita-rewa  Valley, 
and  of  a  tributary  valley,  and  a  considerable  portion  of  the 
coal-seams  lie  beneath  the  river-bed  which  here  forms  a 
kind  of  bay  or  delta  about  \  square  mile  in  extent. 

10.  The  coal  seams  dip  south  eastwards  under  the 
river  from  an  outcrop  across  the  river  bed,  and  after 
running  some  distance  at  an  inclination  of  from  1  in  3  to  1 
in  4  they  flatten  out  and  then  rise  up  the  opposite  side  of 
a  basin,  and  then  after  running  for  some  distance  further, 
more  or  less  horizontal,  they  dip  down  again  under  the 
newer  measures. 

1 1 .  The  seams  of  coal  in  this  area  were  : 

No.  1  seam,  about  17  feet  thick; 

sandstones  and  shales  about  60  feet . 
No.  2  seam,  about  24  feet  thick; 

sandstones  and  shales  about  70  feet  : 
No.  3/4  seam,  about  18  feet  thick; 

and  it  will  be  seen  that  the  extraction  of  such  a  thickness 
of  coal  beneath  a  river  without  packing  could  hardly  fail  to 
let  in  the  water  from  the  river  which  in  full  flood  was  some 
half  a  mile  wide  and  30  to  40  feet  deep. 

12.  A  fairly  large  district  had  been  worked  by  my 
predecessor,  in  the  No.  2  seam  beneath  the  river,  on  the 
principle  of  non-extraction  of  the  pillars,  but  leaving  them 
as  small  as  was  thought  to  be  sufficient  to  support  the 
strata.     This  led  to  the  crushing  of  the  pillars  and  the  start- 
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ing  of  spontaneous  combustion  so  that  the  whole  district 
had  to  be  sealed  off  from  the  rest  of  the  mine.  The  heat- 
ing of  the  strata  above  this  area  led  some  }?ears  afterwards 
to  spontaneous  combustion  in  the  No.  i  seam. 

13.  It  will  be  seen  from  the  foregoing  remarks  that  we 
had  every  inducement  to  adopt  the  packing  system,  which 
we  did  on  the  following  lines,  obtaining  a  plentiful  supply 
of  the  required  material  from  small  hills  and  rising  ground 
close  to  the  outcrop  of  the  seams.  The  system  adopted 
was  what  is  known  as  Dry  Packing. 

14.  The  Old  Field  mines  were  worked  by  inclines 
from  the  outcrops  and  shafts  to  the  dip,  of  which  one 
shaft  was  about  1200  feet  from  the  incline  mouths,  and  on 
the  opposite  side  of  the  river,  and  was  400  feet  deep. 

The  packing  material  was  chiefly  run  in  by  the  inclines 
in  trams  which  were  emptied  by  means  of  tipplers  or 
kickups  into  tips,  from  which  the  material  was  carried 
away  in  baskets  to  the  working  places.  These  "  mutty 
tips  ' '  as  they  were  called  being  kept  as  near  as  possible  to 
the  working  places. 

15.  The  trams  after  being  emptied  of  packing  passed 
on  to  the  landings  or  flats,  which  were  also  situated  as 
near  as  possible  to  the  working  places,  and  were  filled  with 
coal  by  the  coal  carriers.  One  set  of  carriers  was  employed 
for  the  carrying  and  loading  of  the  coal,  and  a  separate  set 
of  carriers  for  the  carrying  and  stowing  of  the  packing  into 
the  workings.  In  some  cases  one  carrier  could  carry  both 
coal  and  mutty. 

16.  The  mutt}''  carriers  filled  their  own  baskets  at  the 
mutty  tip  by  means  of  shovels  and  phaoras  or  merely  by 
the  hand,  but  there  was  generally  a  man  at  each  tip  to 
help  them  to  lift  the  baskets  on  to  their  heads. 

There  were  sufficient  packwallers  in  the  working  places 
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to  build  the  necessary  packwalls  to  keep  the  packing  at 
the  required  distance  from  the  coal  face,  and  there  were 
sufficient  men  in  the  working  places  to  throw  the  packing 
into  such  spaces  as  the  carriers  could  not  throw  it  into 
direct  from  the  baskets. 

17.  In  certain  cases  the  packing  was  not  tipped  into 
tips,  but  was  run  closer  to  the  working  places  in  the  trams 
and  filled  direct  from  the  trams  into  the  baskets,  either  by 
the  tram  being  thrown  on  to  its  side  or  on  to  its  end,  or  by 
the  packing  being  simply  lifted  basket  by  basket  out  of  the 
tram.  This  made  it  easier  for  the  same  carriers  to  carry 
both  coal  and  packing,  but  was  considerably  slower  than 
the  tip  system. 

18.  The  system  of  extraction  of  the  coal  was  what  is 
known  as  working  home,  or  working  back,  that  is,  the 
"whole"  or  first  workings  were  driven  to  the  boundary  of 
the  district,  and  the  pillars  were  then  worked  back  or 
"home"  by  a  system  of  modified  longwall,  the  packing 
following  close  behind  continuously  at  such  a  distance  from 
the  longwall  face  as  the  nature  of  the  roof  required. 

19.  The  seam  was  worked  back  in  a  number  of  stages 
or  parallel  slices  according  to  the  thickness  of  the  seam, 
one  stage  following  behind  the  other  at  such  a  distance  as 
the  circumstances  of  the  case  required.  The  bottom  stage 
of  course  was  always  the  leading  one,  and  the  packing  of 
that  stage  formed  the  floor  of  the  next  stage  and  so  on. 
Of  course  the  stages  or  slices  were  only  really  horizontal 
when  the  seam  was  level,  but  when  the  seam  was  inclined 
the  stages  were  kept  parallel  to  the  inclination. 

20.  The  packing  material  was  worked  from  the  quarry 
in  such  proportions  of  walling  stones  and  small  stuff  as  to 
suit  the  numbers  of  packwalls  required  from  time  to  time, 
which  depended  on  the  nature  of  the  roof. 
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In  some  cases  pack  walls  were  required  every  3  or  4 
feet,  in  others  only  every  6  or  8  feet,  whilst  in  others  no 
packwalls ,  except  a  low  foot  wall ,  would  be  required  behind 
the  face  at  all,  except  at  special  points,  the  natural  slope 
of  the  packing  bringing  it  sufficiently  close  behind  the  face 
to  afford  the  necessary  support  to  a  fairly  good  roof. 

21.  Timbering  was  done  in  the  usual  manner  behind 
the  longwall  faces,  and  as  much  timber  as  possible  was 
taken  out  before  the  packing  was  put  in. 

Sufficient  timber,  however,  had  always  to  be  left  in  to 
enable  the  packing  to  be  thoroughly  done,  especially  in 
all  the  stages  but  the  top  one 

This  was  most  important  because  if  the  lower  stages 
were  not  packed  solid  the  upper  stages  were  seriously 
affected  by  the  coal  settling  down,  and  by  an  uneven  floor 
being  left  on  the  packing  for  the  upper  stages. 

These  were  factors  that  often  made  it  well  worth  while 
to  leave  most  of  the  timber  undrawn,  besides  which  the 
packing  when  thus  reinforced  by  timber  had  such  a  tre- 
mendous resistance  to  compression  as  to  practically  prevent 
any  subsidence  of  the  surface. 

22.  Where  the  roof  was  good  enough  to  allow  the 
packing  to  be  kept  far  enough  behind  the  face  to  give  room 
for  several  rows  of  timber,  it  was  not  difficult  to  get  out  a 
good  deal  of  the  timber,  and  at  the  same  time  get  the 
packing  solid,  without  affecting  the  upper  stages,  or  the 
safety  of  the  packers,  but  where  the  roof  was  at  all  tender 
a  good  deal  of  timber  had  to  be  left  in  to  prevent  falls  or 
settlement,  and  to  provide  for  the  safety  of  the  packers. 

23.  The  distance  of  the  several  stage  faces  behind  each 
other  was  determined  by  the  nature  of  the  roof,  whether 
in  coal  or  stone,  and  by  the  distance  of  the  packwalls,  or 
the  top  edge  of  the  packing  behind  the  working  faces. 
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The  coal  face  in  the  upper  stages  had  always  to  be 
kept  at  such  a  distance  behind  the  pack  wall,  or  the  top 
edge  of  the  packing,  in  the  lower  stages  as  to  prevent  any 
of  the  stages  being  in  any  way  affected. 

24.  Where  the  whole  thickness  of  the  seam  has  to  be 
worked,  as  in  our  Xo.  2  seam  which  is  all  clean  coal, 
the  several  stages  are  in  the  successive  slices  of  the  seam, 
but  where  there  is  a  stone  band  or  a  part  of  the  seam  not 
required  to  be  worked,  as  in  the  case  of  our  Xos.  1  seam 
and  34  seams,  the  several  stages  are  worked  in  those  por- 
tions of  the  seam  which  are  being  extracted,  and  the  inter- 
vening portion  forms  a  floor  or  roof  for  the  other  slices. 

25.  The  drivings  in  the  first  workings  or  "whole" 
workings  are  made  in  various  parts  of  the  seams  as  below: 

/;:  No.  1  seam  of  which  the  section  is: 

Top  seam — coal  . .  . .         6  ft. 

Middle  seam — splint  coal  .  .  5  ft. 

Bottom  seam — coal 


Total     1  - 
the  drivings  are  made  in  either  the  top  or  bottom    - 
in  both. 

(b)  In  No.  2  seam  of  which  the  section  is : 

All  clean  coal  . .  .  .        24  ft. 

the  drivings  are  made  in  either  the  top   or  bottom  part  of 
the  seam  or  in  both. 

(c)  In  No.  3  4  seams  of  which  the  section  is: 

Xo.  3 — Top  seam — coal  . .  . .         5    ft. 

Middle  band — stone  and  coal  .  .  5$  ft. 

No.  4 — Bottom  seam — coal      ..  ..  7 1  it- 


Total     iS    ft. 
the  drivings  are  made  in  either  the  top  or  bottom  seam  or 
in  both. 

26.     The  drivings  in  the  second  workings,  or  "brokens" 
or  "pillar  workings"    or   "  longwall,"   are   made   in    the 
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various  stages  in  course  of  working,  but  the  connecting 
roads  between  the  various  stages  are  driven  through  the 
intervening  portions  of  the  seam  at  such  time  and  in  such 
manner  as  the  circumstances  of  each  case  require. 

In  some  parts  of  the  old  mines  the  ' '  whole  ' '  workings 
were  driven  in  the  top  part  of  the  Xo.  2  seam  and  were 
gradually  cut  down  to  the  bottom,  so  that  the  roads  were 
eventually  24  feet  high,  but  this  was  only  rendered  possible 
by  the  fact  that  the  coal  was  of  such  a  nature  that  the 
sides  of  the  galleries  stood  firm  with  practically  no  timber, 
and  the  roof  was  also  of  such  a  nature  that  all  the  drivings 
being  only  6  feet  wide,  practically  no  timber  was  required 

27.  The  main  haulage  system  is  laid  out  in  either  the 
top  or  bottom  parts  of  the  seam  and,  by  means  of  either 
hand  or  pony  putting  or  auxiliary  haulage  or  self-acting 
inclines,  the  trams  can  generally  be  taken  so  near  to  the 
point  at  which  the  various  other  stages  are  to  be  worked 
that  hand  carrying  from  the  various  stages  to  the  trams  is 
the  quickest  and  cheapest,  and  this  was  the  general  system 
at  the  old  mines. 

There  are  many  cases,  however,  where  the  carrying 
could  not  be  kept  near  enough,  and  in  such  cases,  as  at  the 
new  mines,  it  is  necessary  to  carry  auxiliary  haulage  out  of 
say  the  top  part  of  the  seam  into  the  bottom  part,  or  vice 
versa,  in  order  to  get  the  trams  into  the  various  stages. 

28.  Where  the  seam  is  inclined  at  a  fairly  steep  angle, 
the  faces  of  the  several  stages  can  all  be  on  the  same  level, 
provided  that  the  seam  is  thick  enough  to  allow  of  this 
without  bringing  the  faces  too  near  each  other.  In  this 
case  the  connecting  roads  will  be  dead  level  and  the  trams 
can  be  run  in  by  hand  to  all  the  stages. 

Where  this  would  bring  the  faces  too  near  to  each  other 
the  faces  of  the  upper  stages  will  be  at  a  lower  level  than 
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the  faces  of  the  lower  ones,  and  this  will  mean  that  the 
connecting  road  must  dip  in  the  same  direction  as  the 
seam. 

Where  the  seam  is  inclined  at  a  low  angle,  or  is  hori- 
zontal, the  faces  of  the  upper  stages  will  be  at  a  higher 
level  than  those  of  the  lower  ones,  and  this  will  mean  that 
the  connecting  roads  must  rise  through  the  seam. 

In  the  two  latter  cases  a  point  will  be  reached  at 
which  it  will  not  be  practicable  to  run  the  trams  by  hand 
to  the  various  stages,  and  it  will  then  be  necessary  either 
to  resort  to  carrying,  or  to  mechanical  means  of  some  kind. 

29.  The  same  system  is  being  worked  at  the  new 
mines,  where  however  the  following  differences  exist : 

(a)  the  seams  are  not  so  steep  : 

(b)  the  coal  is  more  tender : 

(c)  the  pillars  are  made  90  ft.   x  54  ft.  to  90  ft.  x   60  ft.,  instead 

of  only  40'  x  40'  as  at  the  old  mines  which  was  much  too 
small : 

(d)  the  top  and  bottom  drivings  in  the  whole  workings  are  kept 

separate,  as  it  was  found  at  the  old  mines  that  cutting  the 
galleries  to  the  full  height  of  the  seam  in  No.  2  seam  wa> 
generally  objectionable. 

30.  The  following  plans  and  sections  will,  it  is  hoped, 
make  clear  the  systems  above  described  : 

(1)  a  general  plan  of  a  district  in   the   old    mines 

worked  by  packing  under  the  river ; 

(2)  a  general  section  across  this  district,  also  show- 

ing the  river  above  it ; 

(3)  a  series  of  detail  sections  showing  the  methods 

of  working  the  stages  at  various  inclinations 
of  the  seams,  etc.; 

(4)  a  plan  and  section  showing  the  method  of  work- 

ing the  4  stage  packing  system  at  the  new 
mines  with  the  trams  run  into  each  stage. 
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31.  Where  there  is  no  good  object  to  be  attained 
in  packing  the  upper  slice  it  may  be  worked  without  any 
packing,  but  as  one  of  the  great  advantages  of  packing  is 
the  prevention  of  underground  fires,  and  as  in  a  great 
many  cases  there  are  small  bands  of  coal  or  coaly  matter 
close  above  the  seams,  which  will  give  rise  to  gob  fires  if 
allowed  to  fall  into  the  goaf,  it  will  generally  well  repay 
the  cost  of  packing  to  pack  the  upper  slice  in  the  same 
manner  as  the  lower  ones. 

32.  We  next  come  to  the  question  of  cost  of  working, 
and  the  saving  effected  by  packing.  The  cost  of  packing 
chiefly  depends  upon  the  necessary  material  being  avail- 
able close  to  the  mine,  or  from  stone  work  in  the  mine 
itself;  and  secondly,  upon  the  arrangement  of  "  mutty 
tips"  within  easy  carrying  distance  of  the  working  places, 
or  upon  getting  the  trams  close  up  to,  or  actually  into, 
the  working  places. 

The  saving  effected  is  of  two  kinds,  direct  and  indirect. 
Direct  saving  is  obtained  when  the  packing  systems  enables 
more  coal  to  be  produced  from  a  mine  or  district  in  a 
given  time,  or  enables  coal  to  be  worked  which  would 
otherwise  be  lost.  Indirect  saving  is  obtained  when 
the  packing  system  prevents  subsidence  which  would 
cause  loss,  or  when  it  prevents  underground  fires,  etc., 
etc. 

^^.  The  amount  of  packing  material  required  for  the 
extraction  of  a  given  amount  of  coal  depends  upon  the 
relative  weight  and  bulk  of  the  packing  material  and  the 
coal  respectively. 

Taking  sandstone  in  the  solid  at  .  .  150  lbs.  per  cubic  foot. 

,,  trains        „  . .  90    „ 

Mohpani  coal  „  the  solid  ,,  .  .  82    „  ,, 

„  trams       „  . .  56    „ 
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it  will  be  found  that  it  will  require  about  ioo  cubic  feet  of 
packing  to  fill  up  the  space  produced  by  the  extraction  of 
3§  tons  of  coal.  That  is,  ioo  cubic  feet  of  packing ,  measured 
in  stock  or  in  trams,  and  weighing  9,000  lbs.,  will  fill  up 
the  space  made  by  extracting  8,200  lbs  of  coal. 

With  sandstone,  clay  and  earth  mixed  the  weight  per 
100  cubic  feet  will  only  run  about  8,500  lbs. 

34.  The  cost  of  getting  at  surface,  sending  down  the 
mine,  and  packing  in  the  workings,  per  100  cubic  feet  of 
packing  material  from  the  quarry ,  runs  as  under  : 

(a)  Getting  and  filling  at    surface  without 
blasting 


Getting  with  blasting 

Filling;  from 


Banking  out,  etc. 
.Mates,  etc. 
Proportion  of  haulage 

Total  surface  per  100  cubic  feet 

(b)  Ousettiug  and  tipping  in  pit 
Lifting  baskets  in  tips 
Carriers  filling  and  packing 
Packers  assisting  carriers  .  . 
Packwallers 
Writers 


Total  Underground  per  100  cubic 
feet 


Total  cost  per  100  cubic  feet  surface  and  underground 
21  to  42  annas,  or  5f  to  iH  annas  per  ton  of  coal  replaced, 
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12 
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8 

2  to 

4 
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12 
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1 
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according   to   distance  and   method   of  dealing  with  the 
packing  for  labour.     Stores  ran  about  \  anna  per  ton. 

35.  The  above  figures  represent  the  general  range  of 
costs  where  the  whole  of  the  space  formed  by  extraction  of 
the  coal  is  filled  up  entirely  by  packing.  Where  the  upper- 
most slice  of  the  seam  does  not  require  packing  the  cost  of 
packing  will  of  course  fall  in  proportion,  or  where,  as  some- 
times happens,  material  from  the  ripping  of  the  bands  or 
from  the  roof  or  floor  can  be  used  for  packing  the  cost  will 
be  so  much  the  lighter. 

36.  A  great  point  to  be  aimed  at  in  working  by  the 
packing  system  is  to  arrange  for  some  of  the  districts  in 
the  mine  to  be  going  forward  in  the  first  workings  or 
"  whole,' '  whilst  other  districts,  or  even  parts  of  the  same 
district,  are  either  "  following  up  "  or  "  coming  back  ' '  in 
the  second  working  or  "  broken  "  with  packing. 

This  reduces  the  cost  per  ton  of  the  packing  on  the 
output  of  the  mine  generally,  and  also  enables  the  amount 
of  necessary  packing  to  be  regulated  to  suit  the  supply 
available  during  the  dry  weather  and  monsoon  respec- 
tively. 

As  one  mine  or  seam  reaches  the  point  where  the 
proportion  of  "whole''  to  "broken''  working  becomes 
less,  other  mines  or  seams  should,  where  possible,  be  opened 
out  in  rotation. 

37.  The  following  table  gives  the  cost  per  ton  on  one 
year's  working  for  packing  at  the  old  mines  and  new 
mines  respectively,  both  where  the  seam  or  district  was 
on  ''broken"  working  by  packing  only,  and  where  a 
stated  proportion  of  "whole"  was  worked  in  the  same 
seam  or  district  at  the  same  time. 
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Table  showing  Cost  of  Dry  Packing  at  the  Mohpani  Mines. 


OLD   MINES. 

NEW   MINES. 

R^G.            50%   WHOLE. 

A IX    BY 

Packing. 

16%  Whole. 

Heads  of  Costs. 

Pack- 
ing sent 
in. 

!    Coal    |.Pack- 
,             mg  sent 
drawn.      s. 
in. 

Coal 
drawn. 

Pack- 
ing sent 
in. 

Coal 
drawn. 

Pack- 
ing sent 
in. 

Coal 
drawn. 

36,602 
Tons. 

31,104,  18,301 
Tons.      Tons. 

31.104 
Tons. 

41.458 
Tons. 

50,272 
Tons. 

41.458 

Tons. 

Cost 
per 
ton. 

59.774 

Tons. 

Cost 
per 
ton. 

Cost       Cost 
per         per 
ton.        ton. 

Cost 
per 
ton. 

Cost 
per 

ton. 
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Note.— The  prices  paid  per  100  cubic  feet  at  the  new  mines  arc  higher  than 
those  paid  at  the  old  mines  by  33  per  cent  forgetting  and  filling  at  surface,  and 
by  50  per  cent  for  carrying  and  packing  underground. 

Ihe  change  in  rates  being  adopted  to  induce  the  coal  carriers  to  carry  packing 
as  well  as  coal,  and  thus  save  separate  carriers  as  far  as  possible. 

38.     I  now  come  to  a  comparison  of  the  dry  and  wet 
systems  of  packing. 
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The  Dry  System. 
id   The  packing  material  is  taken  from  surface:  and 
(i)  let  down  in  cages  by  the  shafts  : 
(ii)   run  down  inclines  in  trams  : 
i.iii)  tipped  down  shafts  or  staples: 
(iv)  ,,  boreholes. 

(6)   The  packing  material  is  obtained  from  various  parts  of  the 
underground  workings,  and  conveyed  to  the  parts  required 
either    by    ordinary    haulage  or   by    inclines,    staples   or 
boreholes. 
[C)  The  packing  material  is  then  either: 

(i)  tipped  direct  into  the  working  places  : 
(ii)         ..       into  tips,   from  which  it   is  carried  in  baskets 

into  the  working  places ; 
(iii)   run    into    the    working    places    in    trams,    where  it  is 
emptied  and  put  into  the  goaf. 

39.  The  Wet  System. 

{a)  The    packing    material    is    obtained    at   surface,    and 
ground  to  the  size  required  ; 

(b)  The  packing  material  is  obtained  in  the  mine,  and  is 

sent  up  to  surface  to  be  ground : 

(c)  The  packing  material  is  then  either  : 

(i)  carried  through  pipes  direct  from  surface  by 
means  of  water,  right  into  the  working  places ; 

(ii)  sent  down  the  mine  in  trams  and  run  to  the 
part  of  the  mine  required,  and  tipped  into 
hoppers,  from  which  it  is  run  into  the  working 
places  through  pipes  by  means  of  water. 

40.  Both  these  systems  are  to  be  seen  very  well 
developed  at  Courrieres,  and  other  places  in  France,  and 
at  Diisseldorf,  and  other  places  in  Westphalia,  besides 
several  places  in  England,  and  now  at  Mohpani  and  Bal- 
larpur,  and  perhaps  some  other  places  in  India. 

41.  The  choice  between  the  dry  and  wet  systems 
depends  chiefly  upon  local  circumstances,  the  most  impor- 
tant of  which  are : 
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((?)  Situation  of  the  mine. 

(b)  ,,        of  material  available. 

(c)  Class  of  „  „ 

Distance  of  workings  from  any  points  at  which  the  materia! 
can  be  run  into  the  mine. 
(e)  Depths   of    shafts   or    boreholes,    and    the    inclination    and 

thickness  of  the  seams. 
(/)  Quantity,  regularity  and  position  of  water  supply,  etc. 

42.  The  dry  system  is  generally  speaking  the  most 
simple,  and  next  to  that  the  combined  system  of  tramming 
and  piping,  as  the  piping  of  the  material  direct  from 
surface  becomes  more  difficult  than  the  others  with  the 
increase  of  horizontal  distances.  Also  in  both  the  wet 
systems  the  material  requires  to  be  ground  to  a  suitable 
size  to  enable  it  to  be  carried  through  pipes  by  water, 
except  where  sand  or  other  fine  material  is  obtainable  in  a 
natural  state,  which  is  not  often  the  case. 

43.  The  great  argument  in  favour  of  the  wet  system 
is  the  saving  of  labour,  but  there  are  circumstances  in 
which  this  disappears  in  the  extra  labour  involved  in 
handling  and  fixing  the  piping,  etc. 

The  wet  system  is  also  supposed  to  favour  more  rapid 
extraction  of  the  coal,  and  more  solid  packing  of  the  goaf. 

44.  The  costs  of  dry  and  wet  Packing  are  found  to 
be  very  much  the  same  on  the  average,  because  what  is 
saved  by  the  wet  system  in  labour  underground,  is  largely 
counterbalanced  by  the  cost  of  grinding  the  material, 
which  involves  double  handling  as  well  as  the  actual  cost 
of  grinding.  The  cost  of  the  necessary  pipes  in  the  wet 
system  is  also  a  heavy  item.  In  the  dry  system  there  is 
extra  wear  of  trams,  etc. 

45.  I  propose  to  deal  in  a  future  paper  with  the 
comparative  costs  of  the  dry  and  wet  systems  on  the 
continent,  and  in  England  and  in  India,  and  also  with  the 
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question  of  the  amount  of  subsidence  of  the  strata  over 

packed  areas,  but  for  the  purpose  of  the  present  paper  the 

costs  at  Mohpani   and   Ballarpur  may  be  noted  side  by 

side. 

Mohpam.  Ballarpur. 

Dry  Packing.  Wet  Packing 

Old.  New. 

Rs.  A.  p.        Rs.  a.  p.  Rs.  a.  p. 

Cost  per  ton  of  mate- 
rial packed         ..056         o  10     9  047 
(b)  Cost  per  ton  of  coal 
extracted        from 
the  packed  area        066         090  080 

46.  I  would  also  mention  here  two  points  referred  to 
by  Mr.  Davies  in  his  paper  on  the  hydraulic  packing  at 
Ballarpur  from  which  the  costs  above  quoted  are  taken, 

viz.  : — 

[a)  Wear  of  pipes. — This  will  increase  very  rapidly 

in  Cast  Iron  Pipes. 

(b)  Subsidence    of   surface. — This   will   not  be  fully 

apparent  for  some  years. 

47.  It  is  hoped  that  the  foregoing  notes  may  prove 
useful  to  collieries  requiring  to  use  packing. 

DISCUSSION. 

The  President: — Gentlemen,  I  think  we  have  been  very 
fortunate  in  getting  this  paper,  following  immediately  on 
Mr.  Davies',  both  of  which  are  drawing  our  attention  to 
methods  that  are  practically  new  to  India,  though  I  have 
no  doubt  most  of  you  are  already  familiar  with  the  subject. 
It  would  have  been  very  interesting  if  we  could,  as  we  had 
intended,  have  had  this  paper  read  at  Ballarpur  and 
discussed  it  with  Mr.  Davies,  but  as  Mr.  Simpson  proposes 
to  write  a  further  paper  on  the  subject  we  shall  no  doubt 
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be  able  to  get  the  whole  matter  fully  discussed ,  and  I  hope 
that  when  Mr.  Simpson's  second  paper  is  read  we  shall  all 
of  us  be  in  a  position  to  discuss  it  very  fully.  It  is  a  very 
important  thing  that  this  should  be  done ;  I  believe  that 
either  hydraulic  packing  or  dry  packing  has  come  to  stay  in 
India,  and  the  sooner  we  get  familiar  with  them  the  better. 
Mr.  Glen  George: — I  notice  in  Mr.  Simpson's  paper 
that  the  choice  between  the  dry  and  the  wet  systems 
depends  chiefly  on  local  circumstances,  aud  I  should  go 
further  and  say  that  the  ultimate  adoption  of  a  system  of 
packing  in  India  depends  largely  on  local  circumstances. 
While  there  are  a  number  of  cases  in  which  it  would 
undoubtedly  be  an  advantage,  I  think  there  are  a  number 
of  cases  also  in  which  the  question  of  cost  would  be  prohibi- 
tive. Some  five  or  six  years  ago  in  Murulidih,  in  a  seam 
that  I  was  working,  an  attempt  was  made  to  adopt  the 
longwall  system  of  packing,  chiefly  obtained  underground. 
Even  then  the  cost  of  working  the  coal  by  this  method 
turned  out  to  be  eight  annas  a  ton  higher  and  could  not 
compare  with  the  present  Indian  way  of  forming  the  coal 
into  galleries  and  pillars.  There  the  seam  was  worked  near 
the  surface  by  incline,  the  subsidence  was  not  serious  and 
so  far  the  seam  was  not  liable  to  fire.  In  that  case  no 
system  of  packing  could  be  considered  with  the  system 
then  in  vogue.  To  go  even  further.  I  remember  when 
first  coming  to  India  from  home  being  rather  shocked  at 
the  methods  which  so  often  entailed  a  loss  of  a  considerable 
amount  of  coal  in  small  pillars,  but  I  should  like  to  empha- 
size the  fact  I  am  attempting  to  bring  out,  that  it  is  after 
all  local  circumstances  which  control  it  rather  than  any 
virtue  in  any  system.  I  would  quote  the  example  of  a  col- 
liery with  which  I  am  connected  in  the  Daltonganj  Coal- 
field.    Here  there  is  a  seam  forty  feet  thick  of  which  8  to 


46        TRANS.    MINING   &   GEOL.    INST.    OF    INDIA.     [Vol.  XI, 

io  feet  is  worked.  The  coal  is  hard  and  shows  no  tendencj' 
to  fire.  The  system  I  found  in  use  was  a  very  simple  one. 
Galleries  were  started  at  centres  of  40  to  50  feet  and  some 
12  to  14  feet  wide  and  leaving  pillars  30  to  40  feet  square 
in  the  area  working.  What  is  termed  pillar  cutting  is  really 
not  pillar  cutting  at  all  in  that  particular  colliery.  The 
pillars,  40  feet  square,  are  afterwards  split  up  into  four 
smaller  pillars  by  driving  galleries  10  to  14  feet  wide  through 
them.  The  coal  is  hard,  and  although  there  is  a  very  con- 
siderable area  standing,  these  small  pillars  do  their  duty  and 
there  are  no  signs  of  crushing  and  no  subsidence  of  the 
surface.  The  result  is  that  though  pillar-splitting  at  this 
place  has  been  going  on  for  years,  the  water  is  not  great  and 
in  dry  weather  does  not  average  more  than  eight  thousand 
gallons  per  hour  and  even  in  the  monsoon  does  not  average 
more  than  ten  thousand  gallons  per  hour.  The  chief 
question  is  the  cost.  For  instance,  for  a  considerable 
period  coal  has  been  put  into  wagons  for  Re.  1-4  per  ton 
to  Re.  1-5  per  ton,  and  this  is  largely  due  to  the  introduc- 
tion of  what  is  undoubtedly  the  most  suitable  system  of 
working  a  seam,  local  conditions  being  the  hard  nature  of 
the  coal  I  am  merely  quoting  these  figures  from  memory, 
but  we  are  extracting,  I  should  say,  seventy-five  to  eighty 
per  cent  of  coal  by  this  method  and  leaving  behind  twenty 
to  twenty-five  per  cent.  I  venture  to  say  that  this  per- 
centage of  extraction  will  compare  favourably  with  the 
system  of  leaving  large  pillars  and  subsequently  cutting 
them.  To  recapitulate,  local  circumstances  control  every- 
thing, and  however  desirable  the  packing  systems  may  be, 
each  case  should  stand  on  its  own  merits.  After  all  the 
system  which  will  give  us  the  cheapest  coal  with  the  maxi- 
mum amount  of  safety  is  the  one  which  we  as  Mining 
Engineers  should  strive  for. 
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Mr.  Thos.  Walsh : — I  think  we  are  all  indebted  to  Mr. 
Simpson  for  this  paper.  It  is  the  first  paper,  I  think,  that 
I  have  read  which  I  remember  deals  with  the  question  of 
dry  packing.  The  other  system  of  wet  packing,  I  think, 
most  of  us  have  been  interested  in.  I  was  at  home  last 
year  and  visited  a  colliery  where  they  were  working  with 
wet  packing.  It  was  on  a  small  scale  but,  as  far  as  I 
could  see  and  from  what  I  heard,  it  was  fairly  satisfactory. 
It.  is  rather  difficult  to  follow  Mr.  Simpson's  paper  without 
any  drawings.  It  is  unfortunate,  I  think,  that  he  is  not 
here  to  give  us  some  examples  and  I  am  somewhat  ham- 
pered in  consequence.  But  as  he  is  going  to  give  another 
paper  we  may  have  the  privilege  of  meeting  him  when  he 
gives  his  second  paper.  I  am  rather  surprised  at  Mr. 
Glen  George  taking  up  a  position  which  seems  to  me 
somewhat  antagonistic  to  any  system  of  packing  and 
putting  forward  a  system  of  extracting  coal  which  gives, 
in  his  opinion,  better  results.  I  do  not  think  that  holds 
good  in  the  Jharia  or  the  Raniganj  coal-fields.  Take  the 
Raniganj  coal-field  as  a  case  in  point.  I  think  from  one 
end  of  the  field  to  the  other  along  the  outer  cover,  you  have 
smouldering  fires  existing  in  the  underground  workings.  I 
do  not  think  that  speaks  well  for  the  system  of  extracting 
coal  to  which  Mr.  George  has  referred,  and  his  remarks 
would  lead  those  who  are  not  intimately  connected  with 
the  workings  to  believe  that  the  system  he  has  outlined  is 
the  ideal  one.  He  has  mentioned  local  conditions:  his 
system  may  be  applicable  to  the  local  conditions  existing 
in  his  case  there,  but  it  is  evidently  not  applicable  to  other 
places  or  we  would  have  seen  it  introduced  years  ago.  The 
custom  has  been  to  extract  the  coal  and  leave  only  a  suffi- 
cient support.  The  difficulty  with  mining  men  at  present 
is  to  know  what  is  sufficient.     We  have  all  our  own  ideas. 
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Sometimes  when  galleries  are  opened  out  in  such  large 
areas  our  ideas  go  by  the  board  and  trouble  follows  The 
question  of  this  packing  is  one  that  might  well  be  taken  up 
by  the  Institute.  One  cannot  follow  a  paper  and  deal 
with  the  subject  as  intimately  as  one  would  wish.  One 
would  like  to  go  and  see  a  practical  example.  It  is  left  to 
the  Institute  to  take  up  the  matter  and  to  appoint  a 
committee  to  examine  this  or  other  system  of  packing. 


Meeting  at  Barakar. 

The  First  Ordinary  General  Meeting  of  the  Institute 
was  held  at  Barakar  on  Monday,  the  28th  February,  1916. 
On  the  arrival  of  the  Jharia  train  at  8-56  a.m.,  members 
assembled  at  the  Barakar  Railway  Station  in  order  to  visit 
the  complete  section  through  the  Barakar  series  from  the 
Talchirs  to  the  Ironstone  Shales. 

The  section  seen  along  the  Barakar  river  between 
Bagunia  and  the  northern  edge  of  the  field  consists  of  the 
crystalline  rocks  (hornblende  gneiss)  at  the  base,  overlain 
un  conformably  by  the  Talchirs,  which,  north  of  Taldanga, 
are  probably  thicker  than  anywhere  else  in  the  Rauiganj 
field ;  they  consist  first  of  green  silty  needle  shales  with  in- 
cluded boulders  of  gneiss  and  other  crystalline  rocks,— 
a  phase  of  the  Talchir  boulder-bed.  These  pass  up  into 
compact  sandstones  and  shah'  beds,  followed  higher  up  by 
micaceous  sandstone. 

The  section  is  then  interrupted  by  a  river  valley  about 
-|  mile  wide,  on  the  S.  side  of  which  a  considerable  thick- 
ness of  white  sandstones  is  exposed  ;  this  is  the  base  of 
the  Barakar  stage,  which  consists  of  sandstone,  with  shales 
and  coal-seams  higher  up.  The  sandstones  overlying  the 
white  beds  just  referred  to  are  coarse  and  full  of  pebbles, 
and  represent  pebble-beds  deposited  by  the  old  rivers  of 
Gondwanaland.  These  beds  and  the  overlying  shales  and 
coal  seams  are  intruded  and  burnt  by  dykes,  which  are  of 
two  kinds  (1)  mica-apatite-peridotite,  a  rock  very  readily 
recognised  by  the  large  amount  of  brown,  often  golden- 
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brown,  mica  it  contains  and  (2)  dolerite.  The  dykes  of  the 
former  rock  are  much  decomposed  at  their  outcrops  and 
fresh  material  is  not  obtainable.  The  dolerite  outcrops  are 
distinguished  from  those  of  peridotite  by  their  fresher  and 
more  compact  nature  and  by  the  absence  of  mica.  In  the 
neighbourhood  of  the  intrusions ,  the  sandstones,  shales 
and  coal-seams  have  been  burnt  and  indurated,  the  sand- 
stone often  being  converted  into  quartzite,  the  coal  into 
coke  (jhama)  or  a  mixture  of  dyke  and  coke,  and  the  shaley 
bands  and  fire-clays  into  hard  almost  porcellanic  rocks  from 
which  all  the  dark  carbonaceous  matter  has  been  burnt  out, 
the  fire-clays  becoming  thereby  bleached. 

Dykes  are  seen  to  the  north  and  west  of  Barmuri 
village.  The  peridotite  dykes  were  evidently  intruded  in  a 
very  fluid  condition,  as  they  can  be  seen  ramifying  all 
through  the  sandstones  and  coal-seams,  often  occup}dng 
cracks  of  almost  microscopic  width,  into  which  they  could 
not  have  entered  unless  in  a  very  mobile  state.  Often  the 
peridotites  follow  the  bedding  of  the  rocks,  especially  the 
coal-seams,  for  considerable  distances,  thus  becoming  sills 
as  opposed  to  dykes.  When  they  follow  the  coal-seams  they 
often  destroy  them  over  large  areas.  Examples  of  intrusion 
along  bedding-planes  can  be  seen  at  a  short  distance  north 
of  the  Jain  temples  at  Barakar.  A  good  idea  of  the  nature 
of  the  seams  to  the  west  of  the  river  and  north  of  Taldanga 
can  be  obtained  from  Dr.  Blanford's  description  of  that 
area,  which  is  as  follows  : — 

"  Immediately  west  of  the  Barakar  several  seams  of 
coal  are  seen  in  the  neighbourhood  of  the  village  of  Barmuri. 
The  highest  in  the  series  are  about  half  a  mile  south  of  the 
village,  and  consist  of  two  seams  seen  on  the  bank  of  the 
Barakar  ;  the  highest  and  largest,  however,  is  only  four  feet 
thick.     Immediately    south    of    Barmuri    a   seam    occurs, 
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which  has  been  worked  to  some  extent  by  natives  many- 
years  ago;  it  is  an  admirable  example  of  an  irregular  seam, 
the  thickness  being  anything  between  15  and  30  feet,  and 
the  seam  itself  being  a  mixture  of  coal,  shale  and  sand- 
stone, each  of  which  passes  into  the  other,  so  that  some 
layers  of  the  seam  which  at  one  point  are  coal,  20  yards 
further  may  be  hard,  gritty  sandstone,  without  any  car- 
bonaceous appearance.  Not  many  feet  beneath  this  seam, 
and  just  north  of  the  village,  occurs  another  seam  from  15 
to  20  feet  thick,  which  has  also  been  cut  into.  It  is,  if 
possible,  even  more  irregular  and  inferior  in  quality  than 
the  south  of  Barmuri.  It  is  also  much  altered  by  trap. 
Thirty  or  forty  feet  lower  in  the  section,  a  third  seam  is 
seen,  of  great  thickness,  probably  nearly  30  feet ;  a  fourth 
seam  occurs  about  10  feet  below  the  third,  and  a  fifth  a 
short  distance  further  north ;  but  the  out-crops  of  the 
latter  are  not  so  well  exposed.  Supposing  the  two  lower 
seams,  each  to  measure  10  feet,  there  is,  in  this  spot,  a 
thickness  of  nearly  100  feet  of  coal,  nearly  the  whole  of 
which,  so  far  as  can  be  judged  from  its  appearance  at  the 
surface,  is  worthless  for  anything  except  brick  and  lime 
burning." 

The  thickness  of  the  Barakars  on  this  section  is  about 
2,000  feet.  They  are  overlain  by  the  Ironstone  Shales, 
which  are  fine  black  carbonaceous  shales,  breaking  up  into 
small  angular  fragments  and  containing  seams  of  clayey 
iron-ore  varying  from  2  inches  to  a  foot  in  thickness. 

The  following  section  was  measured  by  Dr.  Blanford 
at  Bagunia : — 
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[Descending.) 

i.  Ordinary  ironstones  and  shales,  containing  a    few 
thin  bands  of  micaceous  sandstone. 

3.  Rather  coarse  felspathic  and  micaceous  sandstone 

thickness    not  quite  certain,  as  a   slight    throw- 
occurs,  but  probably  within  a  foot  or  two 
j.  Hardened  carbonaceous  shale 

4.  Trap,  intrusive 

5.  Hardened  carbonaceous  shale 

6.  Blue  micaceous  sandy  shale 

7.  Bluish  thin-bedded  micaceous  sandstoi 

8.  Hard  massive  felspathic  sandstone 

9.  Coarse  felspathic  sandstone,  micaceous  and  false 

bedded 

10.  Shaley  micaceous  sandstone,  passing  down  into 

11.  Black  carbonaceous  shales  and  ironstones,  Lower 

Damudas 


ft. 


12 
6 

1 
o 
7 

25 

1 

4 
12 

20 


Total 


89 


A  very  noteworthy  circumstance,  says  Blanford,  is 
the  impermeability  to  water  of  the  Ironstone  Shales; 
hence  mines  which  have  them  as  cover  make  little  water 
by  percolation  from  above. 

There  are  many  faults  in  this  area,  of  which  one  is  a 
very  important  one  and  runs  along  the  bed  of  the  Barakar 
river.  This  fault  is  clearly  proved  by  the  displacement  of 
the  Ironstone  Shales  and  lower  beds,  resulting  in  the  com- 
plete discordance  between  the  rocks  on  opposite  sides  of 
the  river.  No  trace  of  it  can  be  seen  on  either  bank,  as  it 
follows  the  stream  throughout  and  was  indeed  probabfy 
responsible  for  the  present  course  of  the  river,  the  rocks  in 
the  zone  of  fracture  having  been  more  readily  eroded  than 
the  unbroken  beds  on  either  side. 
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Blanford  recognises  three  sets  of  faults  in  the  Rani- 
ganj  field — 

(i)  a  series  running  W.  10° — 20°  X.. 

(2)  a  second  system  running  N.  io° — 20°  E., 

(3)  and  a  third  running  N.-W. — S.-E.  or  nearly  so. 

The  big  Barakar  fault  belongs  to  the  second  category. 


Messrs.  H.  V.  L,ow  and  Co.  very  kindly  provided  lunch 
to  members,  and  the  following  were  present: — 

Messrs.  H.  H.  Hayden  (President),  G.  F.  Adams,  Col.  F.  J.  Agabeg, 
Messrs.  W.  H.  Bates,  D.  Blair,  R.  G.  M.  Bathgate,  Jas.  Bullock,  W.  C. 
Clements,  G.  de  P.  Cotter,  A.  T.  Creet,  Chas.  A.  Crofton,  N.  D.  Daru, 
W.  Forster,  G.  George,  Tom  S.  Gibson,  L.  Gould.  R.  Heron.  Alec  B. 
Hughes,  Lt.-Col.  F.  Cunynghame  Hughes.  Messrs.  J.  S.  Hunter,  Geo. 
S.  Jack  (Visitor),  J.  S.  Kean,  J.  Kirkwood,  G.  C.  Leach,  G.  C. 
Lathbury,  D.  D.  Macdonald  (Visitor),  Jas.  Mackintosh,  C.  Matthews 
(Visitor),  C.  H.  McCale,  C.  S.  Middlemiss,  G.  Miller.  G.  Pollock 
(Visitor),  M.  N.  Roy  (Visitor),  E.  H.  Roberton,  Thos.  Samson,  S.  H. 
Seddon,  H.  N.  Sherman,  R.  R.  Simpson,  B.  Starks  Field,  J.  J.  Turnbull, 
G.  C.  Webster  and  T.  P.  Yeoman. 


Meeting  at  Choitodih. 


By  the  kind  invitation  of  Messrs.  The  Tata  Iron  and 
Steel  Co.,  L4.,  the  Second  Ordinary  General  Meeting  of 
the  Institute  was  held  at  the  Malkera-Choitodih  Colliery, 
at  Katrasgarh,  on  Monday,  the  27th  March,  1916,  at  9-15 
a.m.  The  party  guided  by  Mr.  W.  S.  Elphiustone  and  his 
staff  of  officers  was  shown  round  the  collieries  both  at 
the  new  pits  and  at  the  older  colliery,  opportunities  being 
afforded  for  witnessing  shaft-sinking  at  the  former  and 
mechanical  coal-cutting  at  the  latter. 

Members  then  lunched  at  the  Sijua  Lecture  Hall. 

Present :— Messrs.  H.  H.  Hayden  (President),  G.  F.  Adams, 
R.  G.  M.  Bathgate,  W.  Beckett,  J.  Brown,  R.  F.  Campbell,  H.  Cooper, 
J.  H.  Evans,  Glen  George,  B.  Heaton,  J.  S.  Kean,  H.  Lancaster,  G.  C. 
Leach,  C.  H.  McCale,  G.  Miller,  E.  H.  Roberton.  R.  R.  Simpson,  B. 
Starks  Field,  and  Thos.  Walsh. 

Mr.  Elphinstone  has  kindly  supplied  the  following 
description  of  the  Malkera-Choitodih  Colliery : — 

The  property  contains  about  2,100  Bighas  and  the 
seams  down  to  No.  13  have  been  proved  by  bore  holes. 
Work  was  commenced  on  the  Nos.  1  and  2  Rise  Pits  in 
May  1913.  No.  1  Pit  is  sunk  to  15  seam  8'-6"  thick  at  a 
depth  of  300  ft.,  and  No.  2  Pit  to  the  same  seam  at  a  depth 
of  350  ft.  The  sinkings  were  heavily  watered.  The  pres- 
ent steam  pumps  are  dealing  with  30,000  gallons  per  hour. 

The  workings  are  laid  out  on  a  modified  panel  system. 
The  development  of  this  mine  has  been  entirely  carried 
out  by  Coal  Cutters — Hardy  Puncher  type  driven  by  com- 
pressed air. 
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No.  15  seam  is  both  fiery  and  dusty,  and  is  worked 
entirely  by  safety  lamps. 

The  surface  equipment  of  Xo.  1  Pit  consists  of  a  girder 
type  head  gear  50  ft.  high  built  to  special  design  with 
Messrs.  The  Tata  Iron  and  Steel  Coy.  Ld.'s  steel  beams  and 
fabricated  by  Messrs.  Balmer  Lawrie  &  Coy. 

The  present  cages  are  single  decked  carrying  two 
wooden  tubs  of  10  cwt.  capacity,  fitted  with  steel  well- 
bottoms  and  corner  plates,  fast  couplings  and  Hadfield 
wheels. 

Direct-acting    winding   engines    20"  x  40"    by    Messrs. 

Jessop  &  Coy. 

Vertical  high-speed  air  compressor  by  Messrs.  Alley 
McLellan,  capable  of  delivering  1,400  eft.  of  free  air  per 
minute  at  100  lbs. 

Steam  is  supplied  by  three  Thomson  dish-ended  Lan- 
cashire boilers  30'  x  8'  x  100  lbs. 

No.  2  Pit,  which  is  intended  for  a  pumping  and  venti- 
lating shaft  only,  is  fitted  with  a  head  gear  of  similar  type, 
40  ft.  high  and  geared  winding  engine. 

The  fan  is  of  the  Ordinance  double  inlet  reversible 
type  capable  of  150,000  eft  per  minute  with  z\"  water 
gauge  by  the  Progressive  Engineering  Company,  Leicester. 
It  is  provided  with  a  flexible  coupling  for  motor  drive,  and 
for  a  duplicate  drive  a  horizontal  long-stroke  engine  by 
Robey  &  Coy.  with  a  fly-wheel  11  ft.  diameter  grooved 
for  6  (six)  if"  ropes. 

The  machine  shop  is  fitted  complete  with  lathes, 
drills,  steam  hammer,  shearing  and  punching  machine,  etc. 

The  safety  lamp  cabin  is  fitted  up  with  lamp-cleaning 
machine,  filling  and  locking  apparatus  and  stands  for  700 
lamps.  Lamps  are  Davis's  Marsaut  type  with  lead  plug 
lock. 
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The  screening  plant  is  not  yet  completed.  It  will 
consist  of  Shaker  screens,  short  conveying  belts  and  a 
crusher  in  order  to  prepare  the  coal  for  coking  at  the  Steel 
Works. 

Nos.  3  and  4  Pits  are  situated  to  the  south-east  and 
dip  of  Nos.  1  and  2  Pits.  These  shafts  are  being  sunk  to 
Nos.  15,  14  and  13  seams,  an  estimated  depth  on  comple- 
tion of  800/900  ft.  Work  on  these  pits  was  commenced 
in  April,  1914.  Sinking  is  progressing  at  the  present  time 
at  both  shafts.  No.  3  Pit  is  between  300  ft.  to  400  ft.  deep 
and  lined  with  brickwork  to  a  depth  of  171  ft.  No.  4  Pit 
is  between  500  ft.  to  600  ft.  deep  and  lined  with  brickwork 
to  a  depth  of  338  ft.  C.I.  water  garlands  take  care  of  the 
water  which  is  piped  down  and  taken  to  the  lodge  room  in 
the  shaft.  At  the  present  time  this  lodge  room  is  fitted 
with  a  steam  pump  only. 

The  permanent  pumps  are  electric  three-throw  Ram 
type  and  will  be  installed  before  the  rains.  No.  4  Pit  is 
within  a  few  feet  of  15  seam.  Coal  will  be  won  from  13 
and  14  seams  at  No.  3  Pit  and  from  15  seam  only  at  No.  4 
Pit.  Both  Pits  are  fitted  with  guides  2  in  number,  each 
consisting  of  1 , 1/8"  lock  coil  rope  on  which  is  also  suspended 
the  bricking  scaffold  built  of  girders  and  channels.  This 
scaffold  is  operated  by  means  of  a  15-ton  worm  geared 
winch  with  two  drums  which  can  be  worked  separately  by 
means  of  clutches. 

The  sinking  pumps  are  Messrs.  Joseph  Evans  straight 
line  differential  Ram  type  for  600  ft.  head,  suspended  on 
graduated  chains  operated  through  wire  rope  blocks  to 
worm-geared  double-drum  winch.  The  pumps  will  be 
worked  by  compressed  air  and  it  is  intended  to  install 
electric  three-throw  Ram  pumps  at  350  ft.  level  to  take 
the  head  off  the  sinking  pumps.      A    500-gallon   suction 
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water   barrel   is   provided    against   possible  pump  break- 
downs. 

The  pit  top  is  fitted  with  balanced  folding  doors. 

The  headgears  are  60  ft.  high  built  of  beams  rolled  at 
Messrs.  Tata  Iron  and  Steel  Coy.'s  works  fabricated  by 
Messrs.  Balmer  Lawrie  &  Coy.  to  special  design. 

The  winding  ropes  are  of  Cradock's  improved  plough 
steel  Nurflex  ij"  diameter. 

The  winding  engines  at  No.  3  Pit  are  by  Messrs. 
Thornewill  and  Warham  24"  x  42"  piston  valves,  Mammoth 
type  bedplate  with  12  ft.  drum.  This  engine  is  fitted  with 
Thornewill  and  Warham  overwinding  apparatus. 

The  winding  engines  at  No.  4  Pit  are  by  Messrs.  Robey 
&  Coy.  24"  x  42"  balance  slide  valve  with  Mammoth  type 
bedplate  and  drum  12  ft.  diameter,  and  are  fitted  complete 
with  Robey 's  overwinder. 

The  shafts  are  ventilated  by  a  high-pressure  blowing 
fan  capable  of  5,000  eft.  per  minute,  and  the  20"  air  pipes 
are  carried  down  on  the  steel  buntings  which  carry  the 
permanent  steam  and  delivery  pipes. 

All  the  shot  holes  are  put  in  with  Hardy  Hammer 
Drill  B.  6  type,  a  small  Ingersoll  Rand  Compressor  on  the 
surface  providing  the  power. 

The  Boiler  plant  consists  of  5  Lancashire  boilers  by 
H.  and  T.  Danks  30'  x  8'  with  a  working  pressure  of  120  lbs. 
per  square  inch.  All  the  pipe  ranges  are  of  steel  with  elec- 
trically welded  flanges. 

The  Boiler  Feed  Pump  is  by  Messrs.  Frank  Pearn  cS; 
Coy.  and  is  of  vertical  treble  compound  Ram  type. 

The  power  plant  consists  of  two  A.C.  3-phase  genera- 
tors, 250  K.W.,  2,000  volts,  50  cycles  at  375  revolutions 
per  minute  by  the  General  Electric  Coy.,  Ltd. 


5S    TRANS.  MINING  &  GEOL.  INST.  OF  INDIA.     [Vol.  XI,  1916.] 

The  engines  are  by  Bellis  and  Morcoms,  of  their  com- 
pound two-crank  type. 

The  pump  motors  are  by  the  General  Electric  Coy. 
and  are  of  3-phase  slip-ring  induction  type  and  are  rated 
to  give  80  H.P.  at  2,000  volts,  50  cycles  and  580  revolu- 
tions per  minute. 

The  pumps  were  supplied  by  Messrs.  Frank  Pearn 
&  Coy.  and  are  horizontal  three-throw  Ram-geared  pumps 
driven  direct  from  the  motor  and  are  capable  of  delivering 
500  gallons  per  minute  against  350  ft.  head,  Rams  10J" 
diameter  and  15"  stroke.  The  pump  barrels  and  valves 
are  separate  and  interchangeable. 

The  switch-board  is  of  the  boiler-plate  interlocking 
cubicle  pattern  operated  from  the  front. 

The  proposed  surface  arrangement  consists  of  auto- 
matic tipplers  delivering  on  to  a  picking  and  elevating 
belt,  which  in  turn  delivers  on  to  a  scraper  conveyor  over 
a  2,000-ton  coal  bunker  which  straddles  the  railway 
tracks  and  will  enable  us  to  load  a  1,000-ton  coal  train 
within  two  hours.  This  arrangement  has  been  designed 
to  facilitate  loading  at  times  of  wagon  shortage  to  Messrs. 
Tata  Iron  and  Steel  Coy.'s  Works,  and  at  the  same  time  to 
cut  down  surface  labour  to  a  minimum. 

In  case  it  is  decided  to  market  the  coal,  an  arrange- 
ment of  Shaker  screens  making  4  sizes  with  auxiliary  pick- 
ing belts  and  lowering  jibs  is  being  put  down  so  that  the 
coal  may  be  loaded  direct  into  the  wagons  ;  an  alternative 
is  under  consideration  which  would  enable  us  to  stock  in 
the  coal  bunker  and  take  the  coal  and  pass  it  over  the 
Shaker  screen  when  conditions  demand  it. 
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Cransactions 

of  the 

Ittiiiina  and  Geological  Institute  or  India. 

Part  2.;  1917.  May. 


Meeting  at  Asansol. 

Held  on   Monday.    24th  July.    1016. 

The  Third  Ordinary  '  General  Meeting  of  the  Mining  and 
Geological  Institute  of  India  was  held  at  the  E.I.  Railway- 
Institute,  Asansol,  on  Monday,  the  24th  July,  1916,  at 
10-30  A.M. 

Present: — Dr.   H.    H.   Hay  den,    President   (in   the   Chair).   M 
G.  F.  Adams,  E.  C.  Agabeg,  Colonel  F.  J.  Agabeg,  Messrs.  C.  T.  Ambler, 
P.  H.  Ashcroft,   Hon'ble  Sir   George   Barnes,    Messrs.  R.    Barrowman. 
W.  H.  Bates,  R.  G.  M.  Bathgate.  W.  Beckett.  A.  G.  Bennertz.  D.  Blair, 
Jas.  Bullock.  R.  F.  Campbell.  G.  deP.  Cotter,  Geo.  Crawford.  A   T.  Creet. 
C  A.  Crofton.  H.  M.  Daly.  J.  H.  Evans,  W.  S.  Elphinstoue,  W.  Forster 
G.  H.  Fairhurst.    Glen   George,   T.  S.  Gibson.   L.  Gould,   H.  G.  Graves. 
R.  Heron,   Sir  Thos.  H.  Holland,   Messrs.   W.  Howarth.  A.  B.  Hughes. 
W.  A.  Ironside.  J.  S.  Kean,  P.  S.  Keelan.  \V.  A.  Lee.  Chas.  Lea.  Hon'ble 
Mr.   C.   E.   Low,  A.   G.    Mackay.   J.   Mackie.   Jas.   Mackintosh,   C.   H. 
McCale.  G.    S.    Martin.    J.  G.  Maughan,    J.    A.   Millar,  G.Miller    C.  S. 
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W.  Simmons,  X.  C.  Sircar,  B.  Starks  Field,  E.  S.  Tarlton,  Thos.  Walsh, 
Thos.  H.  Ward,  J.  B.  Wardlaw,  G.  C.  Webster  and  T.  P.  Yeoman. 

Visitors  : — Messrs.  C.  Habberjam,  W.  D.  Panton  and  Dr.  O'Connor. 

The  minutes  of  the  First  and  Second  Ordinary  General 
Meetings,  held  respectively  on  February  28th  and  March 
27th,  19 16,  were  read  and  confirmed. 


Discussion  on  Mr.  Simpson's  paper  on 

Methods  of  Working  out  the  Pillars 

at  the  Mohpani  Mines  and  a  Com= 

parison  of  the  Dry  and  Wet 

Systems  of  Packing. 

President : — I  should  like  to  thank  Mr.  Simpson  on 
behalf  of  the  Institute  for  having  brought  his  model  and 
explained  it  to  us  so  minutely.  It  has  added  much  to  the 
elucidation  and  interest  of  his  paper. 

B.  Starks  Field .-— I  should  like  to  ask  Mr.  Simpson 
what  happens  when  working  the  long  wall  face,  when  this 
face  reaches  the  old  headway  where,  I  understand,  the  coal 
has  previously  been  extracted  from  roof  to  floor.  As  the 
rib  between  the  longwall  face  and  the  old  headway  becomes 
reduced  to  almost  nothing,  would  there  not  be  a  danger  of 
the  roof  coal  left  in  the  upper  portion  of  the  pillar  above 
the  longwall  face  suddenly  weighting  and  crushing  the 
packs,  and  causing  dangerous  conditions  to  arise  at  the 
working  face  ? 

Mr.  Simpson  replied  that  when  approaching  the  head- 
ways where  the  rib  became  thin,  his  system  was  to  cut 
through  it  in  places  with  narrow  galleries  and  breast  the 
galleries  up  in  each  direction,  following  on  with  the  pack- 
ing underneath  the  overhanging  roof  coal,  thus  taking  the 
rib  in  sections  instead  of  in  one  long  line,   and  gradually 
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Rib  Getting  thin  and  weak,  and  Pillar 
supported  on  rib  at  one  side  and  on 
pack  at  the  other. 


catching  the  edge  and  taking  the  weight  of  the  overhang- 
ing pillar ;  the  same  procedure  is  again  followed  when 
coming  up  with  the  second  stage,  and  also  the  third  and  so 
on,  until  the  main  roof  is  reached. 

Mr.  Thos.  H.  Ward  : — I  shall  be  glad  if  Mr.  Simpson 
will  explain  why  the  plan  shows  the  dry  packed  brokens 
only  in  the  initial  state.  I  understand  that  the  system 
was  introduced  by  him  only  in  1893,  but  the  plan  shows  a 
very  small  area,  some  500  feet  by  300  feet  or  about  150,000 
square  feet  worked  into  pillars  and  three  places  only  where 
a  commencement  has  been  made  to  work  out  the  pillars  by 
dry  packing.  In  fact,  so  far  as  the  plan  goes  it  would  seem 
that  the  system  has  not  been  applied  as  yet  on  a  scale 
which  will  enable  an  authoritative  opinion  as  to  the  efficacy 
of  the  method  to  be  formed.  Mr.  Simpson  considers  that 
this  system  of  packing  will  support  the  main  roof  so  that 
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there  will  be  no  subsidence,  but,  in  the  case  where  the  top 
stage  is  not  packed  at  all,  sudden  and  complete  collapse 
may  take  place.  There  is  nothing  to  prevent  it.  Even 
where  the  packing  is  complete  in  the  case  of  a  24-foot  seam 
worked  in  the  stages  shown  in  the  sections  when  the  weight 
comes,  it  will  squeeze  the  packing,  and  may,  I  should  think 
smash  down  and  completely  close  the  faces.  I  understand 
that  the  material  used  to  pack  with  is  sandstone  in  lumps, 
with  small  earth  {matti),  in  varying  proportions  ;  the 
sandstone  lumps  will  stand  a  good  deal  but  not  so  much 
as  sand  stowed  by  water — wet  packing.  It  is  of  the  first 
importance  to  know  what  area  has  been  worked  back.  In 
this  connection  I  may  say  that  I  have  actually  seen  rooms 
under  ground  as  big  as  the  whole  area  of  the  working 
shown  by  Mr.  Simpson  on  the  plan,  the  roof  standing 
without  any  support  whatever. 

Another  important  consideration  which  should  be 
clearly  explained  is  the  depth  at  which  the  coal  is  being 
worked.  Scaling  the  sections,  the  depth  of  the  broken-  is 
about  80  feet  only.  The  depth  of  the  staple  on  the  left 
of  the  section  is  marked  106  feet.  These  depths  are 
insufficient  to  enable  general  deductions  to  be  made.  Mr 
Simpson  says  there  is  a  shaft  400  feet  deep  1,200  feet 
from  the  incline  mouths,  but  that  seems  to  have  no  bear- 
ing on  the  work  described  in  the  paper.  I  should  like  to 
know  if  any  packing  has  been  done  at  this  depth  and  what 
area  has  been  dealt  with  as  a  maximum  in  any  one  place. 
I  see  in  para.  21  that  trouble  is  experienced  in  dealing  with 
the  superincumbent  weight  and  that  most  of  the  timber 
has  to  be  left  in.  I  suggest  that  the  cost  of  this  timber 
should  be  added  to  the  cost  shown  on  page  41.  No  doubt 
when  the  work  is  laid  out  as  shown  in  section  2 ,  Plate  3 , 
where    the   unsupported    width    is    130   feet,    difficulty — 
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serious  difficulty— might  be  expected.  Sketches  4  and  10 
seem  to  meet  the  conditions  better.  Also  when  the 
weight  comes  on,  I  feel  sure  that  the  difficulty  Mr.  Stark s 
Field  has  pointed  out  will  be  a  very  great  one  ;  but  that  is 
not  a  difficulty  inherent  in  the  proposed  system.  That 
difficulty  arises  because  they  are  old  workings  and  these 
headways  have  been  cut  from  floor  to  roof.  That  makes 
a  very  great  danger  indeed.  I  should  think  that,  instead 
of  leaving  the  coal  alongside,  if  you  kept  them  altogether 
that  would  be  the  only  means  of  attaining  safety. 

I  should  like  to  ask  the  author  how  he  is  able  to  give 
the  weight  of  the  packing  sent  down.  I  understand  from 
the  account  shown  on  p.  41  that  the  tonnage  is  given  of 
the  material  sent  down.  Was  it  weighed  on  the  bank  ? 
and  also  what  steps  were  taken  to  ensure  the  solidity  of 
the  filling  when  the  top  layer  was  packed.  These  systems, 
the  wet  and  dry  packing,  have  hitherto  been  adopted  to 
meet  physical  difficulties,  such  as  very  thick  or  very 
highly  inclined  thick  seams,  or,  as  in  Mr.  Simpson's  case, 
to  meet  the  special  conditions  that  the  workings  have  a 
river  over  them.  I  think  also  that  Mr.  Simpson  at  Moh- 
pani  has  the  whole  place  to  himself.  I  mean  he  has  no 
neighbours  to  share  available  labour  with.  There  would 
be  certain  additional  difficulties  in  introducing  such  a 
system  in  these  coalfields.  The  shareholder  and  the  non- 
technical Director  would  object  to  the  increase  in  cost  and 
would  seldom  appreciate  the  advantage  of  getting  more 
out  of  the  property  worked.  The  waste  is  not  realized  but 
the  fact  that  more  people  would  have  to  be  employed,  or 
less  coal  got,  if  more  workers  were  not  available,  would  be 
very  obvious.  Xor  could  a  firm  with  keen  competition 
around  afford  to  adopt  such  a  system  merely  to  lengthen 
the  life  of  his  field.     If  the  plan  can  be  shown  to  be  safe,  it 
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is  probably  a  case  where  the  Government  would  have  to 
step  in,  and,  in  the  interests  of  the  nation  and  the  nation's 
future,  insist  on  every  one  adopting  the  system  ;  or,  where 
the  system  could  not  be  applied,  to  levy  a  tax  which 
would  equalize  competition. 

Mr.  Glen  George: — Mr.  President,  Gentlemen :  Mr. 
Hayden  has  stated  that  it  might  interest  the  members  of 
the  Institute  to  hear  something  about  hydraulic  packing 
which  has  just  been  started  in  these  fields,  and,  although  it 
is  much  too  early  to  give  definite  figures,  I  think  I  may  be 
able  to  give  a  general  indication. 

In  the  case  of  our  Sanctoria  Colliery  we  worked  right 
under  the  centre  of  the  river  Damuda  from  a  seam  on  the 
bank  of  the  river.  We  are  not  working  under  cover  of 
less  than  200  feet  but  we  have  a  large  stretch  of  pillars 
which,  unless  we  adopted  special  methods,  would  have 
been  abandoned  and  lost  ;  so  some  six  months  ago  prepa- 
rations were  made  for  working  this  area  with  hydraulic 
stowage.  With  regard  to  costs,  we  are  exceptionally  situ- 
ated, as  the  property  is  on  the  river  bank  and  we  are  able 
to  put  down  a  bore-hole  on  the  edge  of  the  river  and  the 
cost  of  delivery  is  a  minimum.  We  are  working  the  seam 
in  sections  of  200  or  240  feet  by  60  feet  wide,  taking  out 
three  pillars,  standing  the  area  on  timbers,  filling  that  area 
and  withdrawing  the  timber  ;  then  proceeding  on  the  next 
area  of  three  pillars.  At  present  we  have  taken  out  one 
section  and  have  filled  it.  So  far  as  I  can  judge  at  present , 
excluding  the  capital  cost  of  the  installation,  the  cost  of 
sand  filling  will  come  to  some  four  or  five,  or  possibly  six, 
annas  a  ton  of  coal  worked.  On  the  other  hand,  I  expect 
to  save  an  anna  a  ton  on  timber,  and  two  annas  a  ton  in 
stoppings.  The  capital  cost  in  this  particular  case  will 
depend  largely  on   the  life  we  get  out  of  the  pipes,  but 
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assuming  it  to  be  two  or  three  annas  a  ton,  I  should  think, 
allowing  for  the  savings  and  stoppings  of  timber,  the  extra 
cost  of  packing  will  not  be  more  than  four  annas  a  ton. 
For  that  I  expect  to  get  a  recovery  of  90  per  cent  of  these 
pillars,  possibly  more.  I  would  repeat  that  it  is  only  in  its 
preliminary  stages,  but,  in  view  of  the  discussion  on 
methods  of  packing,  a  general  idea  may  be  of  interest  to 
members. 

Mr.  IT'.  A.  Lee: — When  you  say  'six  annas,'  is  that 
on  the  whole  coal  worked  out  or  on  the  pillars  ? 

Mr.  Glen  George  : — On  the  pillars. 

Mr.  R.  G.  M .  Bathgate : — Have  3-ou  so  far  withdrawn 
an}'  timber  ? 

Mr.  Glen  George  ; — Yes,  a  considerable  amount.  We 
have  so  far  lost  very  little. 

Mr.  C.  A.  Crofton  : — Might  I  ask  Mr.  George  how  he 
gets  the  timber  put  after  the  packing  has  flooded  it  to  half 
the  height  of  the  top.  I  am  not  aware  of  the  dip  of  the 
seam,  but,  if  the  seam  is  at  all  steep,  it  seems  to  me  that,  as 
soon  as  he  puts  the  weight  of  the  packing  on,  it  will  have 
made  its  way  through  the  lower  portion  of  the  props. 

Mr.  Glen  George  : — We  withdraw  the  props  as  soon  as 
they  are  three  feet  in  sand. 

Mr.  Alec  B.  Hughes : — Would  you  mind  giving  us  de- 
tails of  your  method  of  clarifying  the  water  and  what 
difficulties  you  have  in  pumping  it  out  ? 

Mr.  Thos.  Walsh  .—Mr.  Glen  George  has  told  us  that 
he  takes  out  three  ranges  of  pillars  on  a  gradient  of  1  in  5. 
I  should  like  to  know  what  protection  he  has  from  the 
sand.  I  do  not  know  what  the  angle  of  repose  may  be  of 
the  sand  but  I  take  it  that  it  would  be  very  low  and  would 
raise  it  up  against  the  pillars  on  the  other  side  which  would 
give  him  difficulty  in  extracting  that  pillar. 
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Mr.  Thos.  H.  Ward  : — I  understand  Mr.  Glen  George  to 
say  that  the  seam  dips  i  in  5.  Am  I  right  in  saying  that 
it  is  rising  in-bye  ? 

Mr.  Glen  George  : — Dipping  in-bye. 

.1/;-.  Thos.  H.  Ward  .- — That  makes  it  much  easier.  Are 
the  three  pillars  on  the  strike,  or  the  rise,  or  the  dip  ? 

Mr.  Glen  George  : — On  the  strike. 

Mr  President,  Mr.  Hughes:  As  regards  the  clarifying 
of  the  mixture  it  is  quite  a  simple  matter.  To  start  with, 
the  way  in  which  the  sand  and  water  separate  themselves 
when  they  come  out  of  the  pipe  is  remarkable.  You  can 
walk  on  the  sand  a  minute  after  it  is  deposited  without 
sinking  more  than  two  inches.  The  water  runs  out  and 
we  drain  through  an  opening  about  6  feet  square.  In  this 
case  we  designed  our  own  opening,  but  as  we  get  higher  up 
we  shall  have  about  14  to  16  feet  high,  which  will  present 
difficulties.  A  stopping  is  built  in  this  particular  case  and 
rollers  are  put  on  and  gunny  bags,  and  the  water  is  allowed 
to  run  away  to  the  main  electric  pumps 

Mr.  Alec  B.  Hughes  : — Can  you  give  us  the  proportion 
of  sand  and  water  ? 

Mr.  George  : — Roughly,  half  and  half ;  that  is  so  far  as 
we  can  judge.  We  let  the  sand  run  until  the  pipe  begins 
to  choke. 

Mr.  Hughes  . — Have  you  a  telephone  connection  by 
which  to  control  the  supply  of  packing  material  through 
the  bore-hole  into  the  goafs  ? 

Mr.  George  : — No,  we  are  putting  that  in.  The  regu- 
lation is  all  done  on  the  surface.  The  workman  runs  the 
sand  until  he  sees  the  pipe  beginning  to  choke. 

Mr.  Hughes  : — Am  I  to  understand  that  at  present  the 
man  at  the  surface  is  able  to  fill  the  packing  material  as 
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required  into  the  goafs  without  any  one  assisting  to  con- 
trol the  flow  below  ground  ? 

Mr.  George  : — Yes. 

To  reply  to  Mr.  MeCale's  question  with  regard  to  loss, 
it  is  too  early  to  express  more  than  an  opinion,  but  so  far 
as  I  can  see  there  is  no  reason  why  we  should  not  take  out 
more,  and  I  suggest  go  per  cent.  The  only  question  is  the 
amount  of  rib  we  shall  have  to  leave  from  one  pillar  to  the 
next,  but  I  hope  to  be  able  to  work  a  considerable  portion 
of  the  rib  between  the  two  sections.  It  is  quite  possible 
I  may  extract  95  per  cent  but  I  give  90  per  cent  as  a 
reasonable  figure. 

As  regards  Mr.  Walsh's  question,  I  am  afraid  I  would 
have  to  explain  it  to  him  on  the  spot.  I  hope  I  shall  some 
day  have  the  pleasure  of  doing  so. 

Mr.  C.  H.  McCale:  —  Mr.  President,  before  Mr. 
Simpson  is  asked  to  reply  to  the  various  questions  I  should 
like  to  ask  him  whether  he  has  ascertained  the  amount  of 
subsidence  of  the  area  worked.  I  presume  the  sand  when 
put  in  would  settle  down  to  about  one-half  of  the  thick- 
ness and  that  would  be  quite  sufficient  to  cause  a  fracture 
to  the  surface,  with  the  depth  mentioned. 

Mr.  Simpson  : — Mr.  Ward,  in  reply  to  your  question, 
I  think  the  first  question  was  with  regard  to  the  extent  of 
the  area.  I  might  say  that  the  district  shown  on  my  plan 
is  only  a  small  portion  of  the  mine,  the  area  which  we 
worked  roughly  about  one  quarter.  I  agree  with  you  that 
the  total  area  worked  in  that  particular  instance  is  not  so 
large  as  to  allow  a  general  conclusion  to  be  drawn  for  a 
very  large  area.  As  to  the  timber,  the  cost  of  the  timber 
left  is  not  included  in  my  cost  but  I  agree  that  it  should 
be.  Timber  with  us  is  very  cheap.  We  get  it  close  to 
the  mine,  otherwise  we  might  have  paid  a  great  deal  more 
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attention  to  this.  We  leave  only  sufficient  timber  to  keep 
the  packers  safe  while  putting  in  the  packing. 

As  to  the  commercial  aspect  of  the  case ,  our  view  of 
the  case  is  that  supposing  we  have  got  an  area  containing 
two  or  three  million  tons  of  coal  which  can  all  be  worked, 
it  means  packing  at  a  cost  of  6  annas  or  8  annas  a  ton  and 
we  should  be  doing  wrong  to  leave  it  in  order  to  work 
without  packing.  It  would  involve  packing  only  half 
quantity  of  coal,  and,  long  before  we  get  out  of  the  pack- 
ing, we  shall  have  fires  set  up  by  the  coal  which  is  left 
behind.  I  might  say  that  one  of  the  great  objects  in 
packing  is  to  prevent  fire.  We  have  had  cases  of  spon- 
taneous combustion.  In  the  other  mine  we  worked  up  an 
area  of  over  30  acres  without  any  packing  because  it  hap- 
pened to  be  the  other  portion  of  the  seam  and  we  did  not 
require  to  take  out  that  portion  We  put  in  a  forty-foot 
area  of  packing  support  to  our  eighteen-foot  headway  and 
that  has  been  going  on  for  the  last  five  or  six  years.  There 
has  been  no  spontaneous  combustion  in  that  column  what- 
ever, although  there  have  been  very  heavy  rough  coals 
falling  into  the  column. 

Mr.  Ward: — I  wanted  to  know  the  maximum  area, 
the  length  and  breadth  dimensions. 

Mr.  Simpson  : — I  propose  to  deal  with  subsidence  in 
a  later  paper,  but  I  see  here  that  two  years  after  this  area 
was  worked  out,  the  section  across  the  roof  showed  a  subsi- 
dence of  18  inches  after  the  whole  thickness  of  24  feet  was 
taken  out.  We  have  never  known  a  fracture  to  take  place 
to  the  surface,  but  we  have  known  behind  a  top  face  the 
main  roof  to  settle  down  from  18  inches  to  2  feet.  We  some- 
times had  trouble  on  intermediate  faces  owing  to  fracture 
of  the  coal.  In  those  cases  we  had  to  take  special  mea- 
sures to  step  along  the  face  and  to  cut-  out  the  seam  by 
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packing  in  a  closer  manner  than  we  otherwise  would  have 
done. 

Mr.  R.  H.  Husband  wrote  that  he  had  read  Mr. 
Simpson's  paper  with  much  interest,  as  also  Mr.  Davies' 
very  excellent  description  of  the  "hydraulic"  system  of 
goaf-stowing  as  practised  at  Ballarpur  Collie^.  He  pro- 
posed to  confine  his  remarks,  for  the  most  part,  to  the 
former  paper.  He  was  in  agreement  with  much  that 
Mr.  Simpson  had  mentioned,  especially  with  regard  to  the 
enormous  amount  of  valuable  coal  that  had  undoubtedly 
been  lost  both  in  this  and  other  countries  through  the  non- 
introduction  of  some  regular  system  of  packing ;  also  with 
the  author's  remarks  re  the  complete  stowage  of  goaves  as 
a  preventive  against  gob-fires  and  undue  surface  subsi- 
dence, etc  From  an  examination  of  the  plans  aud  sec- 
tions which  Mr.  Simpson  had  prepared,  no  one  would 
doubt  that  the  case  with  which  the  author  had  had  to 
deal  was  one  that  required  special  treatment,  and  the  good 
general  description  of  the  methods  he  had  so  successfully 
adopted  in  some  parts  of  the  Mohpani  coalfied  would  un- 
doubtedly be  of  great  interest  to  others  at  places  where 
similar  conditions  prevailed.  Mr.  Husband  was  of  opinion, 
however,  that,  had  a  few  more  details  been  given,  especial- 
1v  with  regard  to  the  methods  of  extracting  the  coal  pil- 
lars, these  operations  would  have  been  much  easier  to 
follow.  For  instance,  the  author  had  mentioned  rather 
an  uncommon  method  of  extracting  pillars  in  four  succes- 
sive stages  from  a  seam  24  feet  thick  but  had  omitted  to 
mention  the  nature  and  position  of  the  various  ventilating 
accessories  necessary  to  insure  that  each  stage  of  working 
would  get  a  proportion  of  the  total  ventilation  assigned 
to  that  district  equal  to  its  own  particular  requirements. 
As  will  be  noted,   Plate  7,  as  it  stood,  showed  that  other 
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things  being  equal,  stage  no.  4  was  going  to  receive  the 
least  ventilation  of  the  whole  lot,  whereas  this  working 
face,  especially,  if  coming  back  with  an  open  goaf  behind, 
was  probably  going  to  require  the  most,  this  in  view 
of  the  fact  that  the  "whole"  drivings  had  only  been 
made  in  the  top  and  bottom  portions  of  the  seam,  or,  in 
other  words,  the  four  faces  were  common  only  to  these  two 
' '  whole ' '  drivings  ;  anything  done  in  the  way  of  splitting 
the  face-current  appeared  to  necessitate  arrangements  of 
rather  a  complicated  nature.  There  were  also  one  or  two 
points  he  did  not  exactly  follow  and  to  which  reference 
would  be  made  in  the  order  in  which  they  appeared  in  the 
paper.  He  did  not  quite  understand  how  an  ordinary 
wooden  pit-prop  or  number  of  props  left  behind  in  a 
green  goaf-pack  could  be  considered  as  contributing  to  the 
arrest  of  the  great  roof- body  in  the  latter's  obedience  to 
gravity.  He  thought  that,  in  the  case  of  a  prop  being  set 
tight  on  a  hard  bottom,  the  prop  would  surely  break  long 
before  the  pack  itself  was  sufficiently  compressed  to  offer 
any  sensible  resistance  to  the  mined  roof  ;  hence  the  broken 
prop,  as  a  roof-support,  would  be  absolutely  valueless.  If, 
on  the  other  hand,  say,  the  prop,  with  its  sole-piece,  be 
fixed  on  a  soft  or  spongy  bottom, — for  instance,  soft  clayey 
packing  material, — we  should  naturally  expect  the  prop 
to  sink  and  thereby  protect  itself  ;  but,  in  either  case,  the 
props  would  be  quite  useless  to  prevent  any  general  sub- 
sidence of  the  absolute  roof.  He  agreed  with  the  author 
that  it  was  undesirable  to  maintain  roadways  24  feet  high, 
if  only  for  the  sake  of  affording  better  facilities  for  a  more 
thorough  inspection  of  the  roof. 

With  regard  to  the  4-stage  system  of  working  by  which 
the  pillars  are  extracted  in  four  successive  stages,  Mr. 
Simpson  had  inferred  that  it  would  not  always  be  necessary 
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to  pack  the  goaf  behind  the  4th  or  last  stage  of  working 
although  he  did  not  state  that  he  himself  had  tried  the 
experiment ;  and  here  the  author  had  given  much  food  for 
thought.  Mr.  Husband  admitted,  however,  that  he  had 
not  seen  this  method  of  working  ;  it  would  therefore  be 
quite  understood  that  his  remarks  were  not  based  on  any 
actual  experience  of  this  particular  system,  and,  although 
he  hoped  to  give  fairty  sound  reasoning  for  the  position 
taken  up  anent  this  question,  he  by  no  means  claimed  it  to 
be  an  impregnable  one.  If,  however,  it  were  proposed 
to  apply  a  system  of  "  longwall "  to  a  thick  coal  seam  in 
India,  it  would  be  of  the  utmost  importance  that  there 
should  be,  in  the  first  place,  some  means  of  maintaining 
full  and  complete  control  of  the  roof  at  all  times  ;  this,  in 
his  opinion,  would  be  a  difficult  matter  in  a  stage  system, 
if  the  packing  material  had  to  come  from  surface.  In 
order  to  locate  the  cause  of  the  difficulties  apprehended  he 
proposed,  with  the  author's  kind  permission,  to  review 
briefly  the  system  as  per  author's  illustration  no.  4,  and 
to  the  best  of  his  ability  to  deduce  the  behaviour  of  a  nor- 
mal roof  in  ordinary  "longwall ' '  workings  and  consider  in 
a  general  way  the  means  at  our  disposal  to  cope  with  the 
roof-action.  Here,  then,  we  have  a  seam  24  feet  thick  with 
a  natural  dip  of  1  in  6.  "  Whole  '  drivings  have  been 
previously  made  in  the  top  and  bottom  portions  of  the 
seam  which,  we  will  assume,  has  reached  the  boundary.  It 
is  proposed  to  make  a  100  °0  extraction  of  the  pillars  in  four 
successive  stages,  37  feet  apart,  all  6  feet  high  and  all  work- 
ing back  simultaneously  to  the  rise.  Total  length  of  under- 
cut coal  equals  111  feat.  The  four  stages  or  "  working-faces  " 
are  connected  by  a  level  road  termed — in  some  modern 
mining  text-books— a  ' '  congate ' '  formed  on  the  packing 
material.     At  face  no.  3  there  is  an  acute  angular  piece  of 
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coal  formed  between  the  top  coal  bord  coming  down  at  the 
natural  grade  of  the  seam  and  the  roof  of  the  level  congate  ; 
at  this  point  the  latter  is  12  feet  high  which,  however, 
tapers  down  to  6  feet  at  face  no.  4.  Every  alternate  bot- 
tom coal  bord  is  laid  out  as  an  auxiliary  haulage  incline  and 
every  other  bord  is  to  be  reserved  for  travelling,  both  bords 
being  common  to  the  four  working-faces  via  the  level  con- 
gate  landing.  Working  to  plan,  it  follows  that  for  every 
set  of  "  slices  "  or  "  lifts ' '  taken  off  right  and  left  from  the 
congate  haulage  landing,  the  four  working-faces  will  have 
advanced  so  much  further  to  the  rise,  hence  a  correspond- 
ing thickness  of  coal  must  be  taken  down  from  the  roof  of 
the  congate,  the  tram  road  raised  and  packed  to  assume 
the  same  relative  position  to  the  four  "  fetch}'  back  faces" 
as  before  ;  thus,  say,  two  ' '  headways-lifts, ' '  each  6  feet  wide 
(horizontal  measurement),  are  "judded"  off  right  and  left 
on  each  stage.  This  means,  at  our  grade  of  1  in  6,  that 
2  feet  of  coal  would  have  to  be  ripped  down  for  a  distance  of 
74  feet,  the  yield  from  which,  assuming  an  eight-foot  wide 
landing,  would  amount  to  something  like  50  tons  of  coal. 
We  have  two  such  rippings  per  each  haulage  landing.  The 
packing  behind  the  1st  stage  forms  the  floor  of  the  2nd 
stage,  similarly  the  packing  behind  the  2nd  stage  forms  the 
floor  of  the  3rd  stage,  and  so  on  up  to  the  4th  stage  behind 
which  we  will  assume  to  have  an  open  goaf.  It  will  therefore 
be  seen  that  the  whole  of  the  under-cut  portion  of  the  coal 
between  the  1st  and  4th  stages  is  entirely  dependent  for 
support  on  the  packing  material,  which  latter  must  also 
form  a  foundation  for  each  set  of  face  timbers.  Now  it 
seems  reasonable  to  infer  that  if,  by  any  means,  we  could 
replace  the  coal  with  packing  material  which  would  mo- 
mentarily assume  the  same  rigidity  which  the  coal  (in  situ) 
previously  held,  we  might  expect  to  be  able  to  snap  the 
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main  roof  off  bodily  at  the  fourth  face-line ,  which  would  then 
enable  the  extraction  to  be  treated  in  the  ordinary  manner. 
It  is,  however,  extremely  unlikely  that  these  assumptions 
could  be  realized  in  practice  ;  it  therefore  seems  as  though 
we  must ,  for  purposes  of  control ,  either  consider  the  under- 
cut portion  of  coal  as  an  integral  part  of  the  roof,  or  treat 
it  as  part  and  parcel  of  an  ordinary  goaf-pack.  Now, 
where  will  this  great  cantilever-like  roof  find  its  fulcrum  ? 
Or,  what  is  of  still  more  importance  to  us,  where  will  the 
actual  main  roof  fracture  take  place  ?  Following  the 
same  line  of  thought,  as  in  the  case  of  the  above-imagined 
perfectly  solid  packing,  we  may  reasonably  assume  that  the 
roof  having  thrown  its  weight  on  to  the  now  sinking  coal- 
pack  heads,  the  fracture  will  take  place  somewhere  on  the 
out-bye  side  of  the  first  face-line  with  the  result  that  faces 
nos.  2  to  4  are  now  situated  in  the  goaf,  and  for  their 
protection  we  next  turn  to  the  packing  material.  This 
material  coming  from  surface,  and  especially  if  of  a  clayey 
nature,  will,  during  three  months  of  the  year,  viz.  the  mon- 
soon season,  be  in  a  highly  plastic  state,  and,  as  there  is  no 
regular  system  of  drainage  in  the ' '  hand-stowing  ' '  system, 
it  follows  that  the  material  must  rely  for  its  solidification 
partly  on  whatever  natural  drainage  exists  and  partly  on 
the  drying-power  of  the  air-current.  Unfortunately,  we  can 
expect  but  little  help  in  this  respect  from  the  latter  at  that 
particular  season,  indeed,  as  we  all  know,  it  is  possible 
that  the  mine  air  itself  may  have  something  in  the  form 
of  moisture  to  give  up  ;  but  whatever  be  the  state  of  the 
packing  material,  on  such  we  must  rely  for  the  purposes 
already  alluded  to.  At  places  where  "longwall"  is  prac- 
tised, heavy  intermittent  "weightings"  and  the  gradual 
descent  of  the  roof-body  on  to  the  packs  are  matters  of 
common  knowledge. 


1917.]  DISCUSSION    ON    MR.   SIMPSON'S    PAPER.  75 

He  did  not  wish  to  labour  unduly  this  "open-goaf" 
question,  but  in  working  a  stage  system  up-hill  against  a 
heavy  grade  it  occurred  to  him  that  once  the  workings 
had  got  under  way,,  and  the  lateral  thrust  of  the  superposed 
strata  was  relieved  by  the  first  big  fall  in  the  goaf  behind, 
the  disintegrated  portion  of  the  coal,  which  also  comprises 
the  sites  of  the  working  faces,  would  always  be  subjected 
to  the  greatest  mangling  action  it  would  be  possible  for 
any  roof  to  exert,  and  with  a  result  far  too  obvious  to 
mention  here. 

Coming  next  to  the  comparison  of  methods ,  he  doubted 
very  much  if  a  system  of  packing  necessitating  such  a  pro- 
cedure as  that  mentioned  in  para.  39,  clause  (b),  and  sub 
clause  (ii)  of  (c)  in  Mr.  Simpson's  paper  could  be  adopted 
with  any  measure  of  success  in  India. 

Comparisons,  to  be  of  any  real  value,  should,  as  all  are 
aware,  be  made  under  conditions  equally  favourable  to  the 
particular  method  or  methods  we  wish  to  compare.  For 
instance,  we  cannot  compare  the  "  hydraulic"  system  at  a 
colliery  where  we  might  be  obliged  to  pay  nearly  Rs.  2  per 
lb.  for  high  explosives  to  blast  down  a  stone  caunch  in  the 
mine,  and  go  to  the  trouble  and  expense  of  filling  the 
loose  stone  into  trams,  haul  it  to  the  surface,  grind  it,  send 
it  half-way  back  again  into  the  mine  in  trams,  and  finally 
flush  it  through  pipes  into  the  goaf,  with,  say,  the  condi- 
tions prevailing  at  Ballarpur  where,  as  already  pointed 
out  by  the  Manager  (Mr.  Davies),  a  plentiful  supply  of 
good  sand  is  obtainable  close  by  in  the  river  bed,  which 
can  be  flushed  direct  into  the  mine  workings.  Similarly 
we  cannot  expect  equally  good  results  by  comparing 
the  "dry"  system  at  Mohpani  with  the  "hydraulic" 
method  at  Ballarpur,  because  the  conditions  at  Mohpani 
although  no  doubt  favourable  in   many   respects   are.  in 
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the  writer's  opinion,  not  so  ideal  relatively  as  those  at 
Ballarpur. 

The  figures  representing  the  costs  for  packing  at 
Mohpani  and  Ballarpur  which  Mr.  Simpson  had  kindly 
placed  side  by  side  show,  in  this  particular  instance,  that  the 
advantage  in  cost  and  efficiency  are  both  in  favour  of  the 
"  hydraulic  "  system.  It  is  cheaper  by  over  50  per  cent, 
and  more  efficient  because  more  packing  material  had  been 
flushed  into  the  goaf,  which,  of  course,  is  a  matter  of  the 
first  importance  in  a  comparatively  shallow  mine  where 
dangerous  bodies  of  surface  water  had  to  be  guarded 
against.  Undoubtedly  the  "hydraulic"  method  would 
always  favour  more  complete  stowage  of  the  goaf  in  a 
pitched  seam,  but  suppose,  for  the  sake  of  argument,  that 
the  two  mines  in  question  had  each  been,  say,  100  fathoms 
deeper  and  with  considerably  more  extended  workings, 
would  the  advantage  in  cost,  now  in  favour  of  the  "  hy- 
draulic "  system,  still  have  held  good  ?  He  ventured  to 
suggest  that  it  would  not.  Moreover,  given  a  more  favour- 
able gradient  of  seam  for  the  "hand-stowing"  system, 
it  is  quite  possible  that  the  latter  would  easily  outstrip  the 
"flushing  "  system  in  the  matter  of  costs  taken  over  all. 

He  was  of  opinion  that  ' '  goaf  packing ' '  at  many 
future  Indian  collieries  like  Mohpani  and  Ballarpur  would 
have  to  be  looked  upon  as  an  absolute  necessity.  In  such 
cases  it  was  for  Colliery  Managers  to  accept  the  situation 
cheerfully,  strive  to  decrease  the  cost  of  packing,  and  in- 
crease its  usefulness. 


, 


Development  of  Deep  Coal  Areas 
in   Bengal. 


BY 


Glen   George. 

A  remarkable  change  has  taken  place  in  ten  years  in 
the  view  with  which  the  sinking  of  deep  shafts  in  Bengal 
is  regarded.  Excluding  the  Giridih  coalfield,  where  special 
conditions  prevailed  ten  years  ago,  the  deepest  shaft  sunk 
or  in  contemplation  was  650  ft.,  and  a  1,000  ft.  shaft  was 
regarded  largely  as  beyond  practical  politics. 

To-day  there  are  three  collieries  with  shafts  1,000  ft. 
deep,  one  colliery  where  1,200  ft.  shafts  are  being  sunk, 
one  where  1,500  ft.  shafts  are  being  sunk,  and  one  where 
1,800  ft.  shafts  are  contemplated. 

It  occurred  to  me  that  a  consideration  of  the  econo- 
mics of  deep  mining  in  Bengal  by  the  Institute  would  be 
of  value,  and  I  have  ventured  to  submit  the  following 
paper  with  that  aim  in  view. 

The  question  is  one  which  appeals  directly  to  the 
capitalist — be  he  a  millionaire  practically  owning  entire 
collieries  or  the  humble  holder  of  a  ten  rupee  share  in  a 
coal  company. 

The  question  resolves  itself  into  the  following  heads  : — 

(a)  What  is  the  maximum  depth  at  which  the  various 
classes  of  coal  can  be  worked  at  a  profit  with  costs  and 
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selling  prices  prevailing  at  present  or  likely  to  prevail 
in  the  coming  ten  year?  ? 

{b)  What  is  the  least  area  necessary  for  sinking 
shafts  of  various  depths  to  various  seams,  or  to  give  an 
example — Is  a  taking  of  i  ,000  bighas  a  large  enough  area 
for  sinking  shafts  1,000  ft.  deep  to  a  coal  likely  to  give  a 
profit  of  Rs.  2  per  ton  ? 

Before  considering  these  two  heads  in  detail  there  are 
obviously  general  considerations  which  must  be  settled. 

(1)  A  classification  of  coals  on  their  probable  market 

value  and  selling  price. 

(2)  The  capital  cost  of  sinking  to  various  depths. 

(3)  The   working   cost   at   various  depths,   including 

amortization  of  capital. 

(4)  From  (2)  and  (3)  the  profit  per  ton  on  the  various 

classes  of  coal. 

Classification  of  Coals. 

This  is  a  thonry  question,  if  a  classification  by  ash 
content  or  calorific  value  is  attempted.  Analysis  un- 
accompanied by  a  correct  method  of  sampling  can  only 
lead  to  fallacious  results,  such  as  a  case,  which  can  be 
quoted  from  a  paper  read  before  the  Institute  on  Indian 
Coal  Analyses,  in  which  16-seam  Jherria — a  seam  decidedly 
2nd  class  —is  shown  as  being  equal  to  the  best  Jherria 
seams,  such  as  15. 

The  value  of  a  coal  can  only  be  judged  on  analysis 
from  a  fair  sample  of  the  coal  as  marketed.  For  our 
purpose,  this  thorny  question  can  be  avoided,  as  we  are 
concerned  in  the  value  the  market  places  on  the  coal,  i.e. 
the  price  it  is  likely  to  pay  for  it. 

As  regards  selling  prices  in  the  next  ten  years,  I  think 
it  can  be  safely  assumed  that  they  will  go  up,  as  materials 
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are  advancing  rapidly  in  price,  are  not  likely  to  return  to 
their  pre-war  figures  ;  and  as  the  enhanced  prices  will  affect 
all  in  the  coal  trade,  it  is  reasonable  to  assume  that  the 
coal  trade  will  succeed  in  passing  on  the  greater  part  of 
the  increase  to  the  consumer — at  least  it  will  be  their  own 
fault  if  they  do  not. 

I  am  assuming  for  the  purposes  of  this  paper  that 
prices  in  the  next  ten  years  will  run  8  annas  per  ton 
higher  on  all  classes  of  coals  than  present  prices. 

Thus  viewing  coals  from  the  selling  price  aspect, 
I  classify  them  for  the  purposes  of  this  paper  as — 

A.  First  class  Ranigunge  Coal-field  coals,  i.e.  Diser- 

garh,  Sanctoria,  and  Poniati  seams. 
Present  average  selling  price         . .      Rs.  4/8  per  ton. 
Probable     ,,  ,,  ,,   for  future  Rs.  5/-  per  ton. 

These  coals  market  under  11  %  ash. 

B.  First  class  Jherria  seams  such  as  13,  14,  14A,  15, 

17  seams,  when  running  less  than  12  %   ash  as 
marketed. 

The  difficulty  in  regard  to  assessing  the  market  value 
of  Jherria  seams  is  the  variation  in  quality  of  the  same  seam 
in  different  parts  of  the  coal-field.     Hence  the  proviso. 

Rs.   A.    P. 
Present  price . .  .  .  ..380 

Future  price  assumed       . .  . .        400 

C.  Second   class   seams   in    Ranigunge    and   Jherria 

fields  marketing  over  12  %  ash  and  under  16  % 

ash.  r, 

Rs    A.    p. 

Present  selling  price         . .  . .       2  12     o 

Probable  future  price       . .  .  .       340 

Seams  over  16  %  ash  can  be  left  out  of  consideration. 
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Capital  Cost  of  Sinking  to  Various  Depths. 

Deep  sinkings  in  India  will  not  present  extraordinary 
difficulties. 

The  strata  are  good  and  walling  will  only  be  required 
in  the  first  hundred  feet  in  the  majority  of  cases. 

While  fairly  heavy  water  may  be  expected  in  Jherria 
sinkings,  the  quantities  will  probably  be  such  as  can  be 
dealt  with  by  electric  pumps,  and  special  processes  of 
sinking  are  not  likely  to  be  required. 

The  price  of  machinery  and  materials  has  risen  rapid- 
ly in  the  last  two  years  and  will  probably  remain  high  for 
some  years. 

One  note  of  warning  is  necessary.  A  very  different 
equipment  is  necessary  to  sink  and  develop  shafts  1,500  ft. 
deep  to  that  for  shafts  500  ft. ,  and  the  most  expensive  way 
to  sink  and  develop  shafts  is  to  under-equip  them. 

In  Appendix  I,  I  give  detailed  estimates  of  the  cost 
of  sinking  shafts  and  developing  collieries  to  a  self-sup- 
porting basis  at  various  depths. 


Cost. 

Time 
Sinking. 

Time 
Develop- 
ing. 

Total 
Time. 

(1)  Two 

shafts    500  ft.  deep 

7  lakhs. 

ii  year. 

1  year. 

j.l  years 

(2)     „ 

„     1,000  „      „ 

11       ,, 

2  J  years. 

1     ,. 

3i        ■; 

(3)     .. 

»     1.500  „      „ 

18      „ 

3i     „ 

1     ,. 

\\        » 

(4)     ,. 

„     2,000  „ 

23l    >. 

4i     „ 

ii  „ 

6       „ 

(5)     „         „     2,500  „       „  28       „  5*     „  ij   „         7 

(i)  and  (2)  are  from  shafts  actually  sunk,  (3)  from 
shafts  being  sunk. 

The  conditions  assumed  are  good  ground  not  necessi- 
tating special  walling  and  water  not  exceeding  20,000  gal- 
lons per  hour  in  each  shaft. 

If  the  water  is  likely  to  exceed  these  quantities  con- 
siderably, 10  %  to  the  total  cost  should  be  added. 


1917.]  DEEP   COAL   AREAS    IN    BEXGAL.  81 

The  expenditure  and  time  are  taken  to  the  period 
when  the  sale  of  the  output  meets  the  running  charges. 

If  little  water  is  met  io°o  can  be  deducted. 

Also  coal  companies  already  possessing  collieries, 
with  staff  and  plant,  could  save  10  °o  in  the  cases  (4)  and 
(5)  and  possibly  20%  in  cases  (i),  (2)  and  (3). 

But  the  cases  I  propose  to  consider  would  be  fresh 
undertakings.  We  have  considered  selling  price  and  capital 
cost.     There  remains  the  working  cost. 

The  present  working  cost  of  a  colliery  500  ft.  deep  I 
would  give  as : 

Colliery  cost 

Depreciation  on  plant  and  machinery 

Rovalty 

Calcutta  and  sale  charges 


■  5* 


Rs 

A. 

p. 

1 

12 

0 

0 

I 

6* 

0 

4 

0 

0 

4 

6 

2 

6 

0 

Total 


*  This  merely  provides  for  renewal  of  plane  such  as  pipes,  tubs 
and  machinery  such  as  haulage. 

The  depreciation  charge  is  got  by  taking  the  perish- 
able plant  in  the  original  equipment  and  calculating  on 
renewing  it  every  20  years 

Electric  plant  and  tubs  will  deteriorate  more  rapidlv , 
winding  engines,  boilers  and  rails  more  slowly. 

This  charge  does  not  allow  for  amortization  of  the 
property.  Allowing  2  annas  per  ton  for  the  increase  in 
cost  of  materials,  the  cost  for  shafts  500  ft.  deep  in  the 
next  ten  years  may  be  taken  at  Rs.  2-8-0  per  ton. 

Cost  in  a  shaft  1,000  //.  deep. 
In  a  well-equipped  pit  the  working  cost  is  not  likely 
to  show  any  decided  or  sudden  increase  on  that  for  shal- 
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lower  shafts.  Possibly  when  pillar-cutting  is  undertaken, 
timber  costs  may  be  heavier. 

Plant  and  machinery  depreciation  charges  will  be 
heavier  owing  to  the  greater  value. 

The  cost  may  be  taken  as —  rs    a     p 

Colliery  cost    . .  . .  .  .        i   13     o 

Depreciation  on  plant  and  machinery        020 
Royalty  .  .  . .  ..040 

Calcutta  and  sale  charges  .  .        046 


Total  .  .        276 


Allowing  two  annas  per  ton  for  increase  in  cost  of 
materials,  etc.,  the  cost  becomes  Rs.  2-9-6  or  say  Rs.  2-10-0 
per  ton. 

Cost  in  shafts  1,500//.  deep.      rs    a     p 


Colliery  cost 

Depreciation  on  plant  and  machinery 

Royalty 

Calcutta  and  sale  charges 

Total 


1  14  o 
030 
040 
046 

296 


Adding   two    annas   per  ton  for  increase  in  cost  of 
materials,  etc.,  Rs.  2-11-6  or  say  Rs.  2-12-0  per  ton. 

Cost  in  shafts  2,000  ft.  deep.      rs    a     p 
Colliery  cost  . .  . .  .  .        200 

Depreciation  on  plant  and  machinery        036 
Royalty  . .  .  .  ..040 

Calcutta  and  sale  charges  . .        046 

Total  ..       2   12     o 
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Adding    two   annas   per   ton    for   increased    cost    of 
materials  the  cost  becomes  Rs.  2-14-0. 

Cost  in  shafts  2,500  ft.  deep. 

Rs.   A.    P. 

Colliery  cost  .  .  .  .  ..230 

Depreciation  on  plant  and  machinery        040 

Royalty  .  .  .  .  ..040 

Calcutta  and  sale  charges  .  .        046 


Total  .  .        2   15     6 


Adding  two  annas  for  increased  cost  of  materials,  etc. , 
Rs.  3-1-6,  say  Rs.  3-2-0  per  ton. 

Tabulating  we  get — 

&  &  Rs.  A.  P. 

Probable  all  in  cost  of  coal  from  shafts    500  ft.  deep 

in  next  ten 

years  280  per  ton. 

„  ..  „  „        1,000    ft.     .,  2   10  o        ,, 

1,500     „      „  2  12  o 

2,000     ,.      ..  2   14  0 

2,500     ,.      ..  3     2  o 

Cost  of  Acquisition   of  Properties. 

The  salami  or  lump  sum  payable  to  the  owner  of  the 
minerals  must  be  kept  within  modest  limits  for  deep 
coal. 

The  area  necessary  for  various  depths  is  discussed 
later,  2,000  to  2,500  bighas. 

A  salami  of  Rs.  20  per  bigha  is  a  fair  figure  for  deep 
coal. 

Salami,  flotation  and  other  expenses  should  not  in- 
volve the  colliery  in  a  capital  charge  of  more  than  one 
lakh  of  rupees. 
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Output  and  Labour. 

Labour  is,  of  course,  a  vital  matter  as  it  is  not  the 
least  use  sinking  and  equipping  pits  of  the  type  suggested 
above  unless  labour  and  an  adequate  output  can  be 
got. 

It  has  been  asserted  for  many  years  as  an  argument 
against  deep  sinkings  that  labour  would  refuse  to  go  down 
deep  pits.  This  is  undoubtedly  a  fallacy,  as  in  a  case  for 
which  I  can  vouch  pits  recently  sunk  to  a  depth  of  1,000 
ft.  are  amongst  the  most  popular  in  the  district,  and  no 
fears  need  be  felt  on  this  point  alone.  The  native  does 
not  appreciate  the  difference  between  a  shaft  500  ft.  and 
1,500  ft. 

That  outputs  approaching  English  figures  will  be 
obtained  is,  I  fear,  out  of  the  question.  The  Indian  miner 
cuts  i-3rd  as  much  coal  per  year  and  consequently  per 
day  as  the  English  miner.  Consequently  three  times  the 
number  of  working  places  have  to  be  provided  and  three 
times  as  many  Indian  miners  as  would  be  required  in  the 
case  of  English  miners. 

So  I  do  not  think  that  our  proposed  deep  collieries 
are  going  to  raise  1 ,500  tons  per  day  or  half  a  million  tons 
per  }"ear,  but  200,000  to  250,000  tons  per  year  will  be 
capable  of  attainment,  although  in  each  case  some  time 
will  be  necessary  to  build  up  the  requisite  labour  force. 

We  can  assume,  in  all  cases,  that  an  output  of  200,000 
tons  per  year  will  be  attained  in  one  or  two  years  after 
sinking  and  development  have  been  completed. 

We  will  assume  that  in  this  period  of  one  to  two  years 
( which  is  in  addition  to  that  given  in  the  estimates)  that 
the  colliery  is  paying  its  wa}'  but  is  not  making  profits 
available  for  dividends. 
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To  summarise: — 

Capital    Timetoselt-       Time  to         Total 
■  .    ,     supporting        dividend       cost  per 

^  ctorrA  novitiiT    ct-aarA  t*nn 


1V.UU111.U. 

stage. 

paying 

stage 

ton. 

Rs.  A. 

P. 

(i)  Shafts    500  ft.  deep. 

S  lakhs 

A 

years 

;, 

years 

2       8 

0 

(2) 

„     1,000  ft.     „ 

.  12     .. 

>  2 

,. 

5 

2    10 

0 

(3) 

„     1,500  ft.     „     . 

•  19     >• 

42 

>J 

6 

> 

2    12 

0 

(4) 

,,     2,000  ft.     „      . 

-  24J   ,. 

6 

)» 

7* 

-    !4 

0 

(5) 

„     2,500  ft.     ..      . 

•  2g     „ 

7 

,• 

9 

- 

0 

Also  basing  outputs  on  200,000  tons  per  year  in  all 

°aSeS~  (i)  (2)  (3)  (4)  (5) 

Shafts  500  ft.    Shafts      Shafts     Shafts      Shafts 
deep.  1,000  ft.  1,500  ft.  2,000  ft.  2,500  ft. 

Profit  per  ton,  A  grade  Rs.  28     02     6     02402     201  14    o 

coal. 
Total  profit  per  year,    Rs.  5,00,000    4,75,000  4,50,000  4,25,000  3,75,000 

A  grade  coal. 
Profit  per  ton,  B  grade  Re.  180160T401200140 

coal. 
Total  annual  profit,  B  Rs.  3,00,000    2,75,000  2,50,000  2.25,000  1,75,000 

grade. 
Profit  per  ton,  C  grade  Ans.o  12    00  10     00     S     00     6     00     2     o 
Profit  per  year,  C  grade  Rs.  1,50,000    1,25,0001,00,000      75,000      25,000 

coal. 

Ni  HE. — The  average  selling  price  for  next  ten  years  of — 

Rs.   A.    P. 
A  grade  is  taken  at    . .  ..500 

B  grade  is  taken  at    . .  ..400 

C  grade  is  taken  at     . .  ..340 

It  should  be  remembered  that  all  this  refers  to  sepa- 
rate undertakings.  Large  companies,  already  having  elec- 
tric power  stations,  technical  staff  and  workshops  can 
probably  save  up  to  20  %  on  the  capital  costs  given  above 
and  probably  make  10  to  15  %  more  profit 
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Minimum  Return  on  Capital. 

Capital  invested  in  mining  enterprises  deserves  a  high 
return  owing  to  the  relative  uncertainty  of  mining  opera- 
tions and  in  metal  mining  12  to  15  %  is  considered  the 
minimum  return. 

In  coal  mining  the  uncertainty  of  results  is  not  so 
great,  and  10  %  may  be  taken  as  a  fair  minimum  return 
from  the  date  of  investment  of  capital,  after  providing  for 
amortization  of  capital.  I  would  emphasise  from  date  of 
investment  of  capital. 

In  the  case  of  the  deep  shafts  requiring  large  capital, 
a  large  proportion  of  the  capital  will  be  in  the  form  of 
preference  shares — say  7  %  cumulative  preference  shares. 

The  life  of  the  colliery  can  be  taken  at  80  years  and 
amortization  of  capital  provided  for  on  that  basis. 

We  are  now  in  a  position  to  consider  a  proposed  com- 
pany for  each  depth  and  to  see  whether  the  return  on  capi- 
tal required  is  likely  to  be  met  by  the  profits. 

To  start  with  the  deepest  shafts  first — 

Case   (5) — Two  shafts  2,500  ft.  deep. 

Capital — 29  lakhs  consisting  of — 

14  lakhs  7  °0  cumulative  preference  shares. 

15  „      ordinary  shares. 

-J-rd  of  capital  called  up  on  flotation. 

Jrd  ,,  }}        two  vears  after  flotation. 


+rd  ,,  ,,        four 


With  7  %  on  preference  shares  and  io?o  on  ordinary, 
the  arrears  of  dividends  after  nine  years  will  be  17  lakhs 
of  rupees. 

That  is,  the  colliery  when  at  the  dividend-paying  stage 
must  give,  not  only  the  return  we  stated  necessary  on  the 
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capital,  but  must  be  in  a  position  to  pay  off  17  lakhs 
arrears  of  dividend  due  to  the  capital  while  the  pits  were 
being  sunk. 

This  can  be  considered  as  capitalised  and  an  extra 
return  given  to  pay  the  interest  on  the  extra  capital  and 
redeem  it  in  80  years — the  life  of  the  colliery. 

To  do  this  will  require  Rs.  1,70.000  plus  Rs.  5,ooo=Rs. 
1,75,000. 

Amortization  or  Redemption  of  Capital. 

Assuming  a  life  of  80  years  and  a  compound  interest 
rate  of  3  % ,  the  sum  to  be  set  aside  annually  to  repay  29 
lakhs  at  the  end  of  80  years  is  Rs.  9,000  per  year. 

Reserve. 

A  sum  should  be  set  aside  yearly  for  any  special 
expenditure  such  as  development  through  faults,  losses 
incurred  by  fires,  etc.  Rs.  50,000  per  year  should  be 
sufficient. 

The  yearly  profit  should  therefore  be — 

(1)  Interest  on  14  lakhs  7  °o  preference         Rs. 

shares    and    15    lakhs    ordinary 

shares  at  10  %  . .  . .  2,48,000 

(2)  Interest  on  arrears  of  interest  of  17 

lakhs  capitalized  and  redemption 

of  this  17  lakhs  .  .  . .  1,75,000 

(3)  Amortization  of  capital  of  29  lakhs        9,000 

(4)  Provision  for  reserve    .  .  . .      50,000 


4,82,000 


Referring  back  to  tables  on  page  79  it  will  be  seen  that 
neither  grade  of  coal  will  yield  sufficient  profit,  even  A  grade 
being  1  lakh  short. 
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Even  established  companies  sinking  in  the  neighbour- 
hood of  their  existing  collieries  would  not  make  it  profit- 
able. 

A  fair  conclusion  is  therefore  that  shafts  2,500  ft. 
deep  are  not  "  practical  politics"  at  present. 

Case  (4) — Shafts  2,000  ft.  deep. 
Capital — 24!  lakhs  in 

10  lakhs  7  %  cumulative  preference. 

14J  lakhs  ordinary  shares. 

2/3rd  Capital  called  up  on  flotation. 

i/3rd         ,,  ,,        4  years  after  flotation. 

Time  taken  to  develop  to  dividend-paying  stage — 

7 J  years. 
Arrears  in  dividends — Rs.  12,27,500. 

Profit  required  annually  — 

(1)  Interest    on     10    lakhs    preference        Rs. 

shares  at  7  %  and  14J  lakhs  ordi- 
nary shares  at  10  %  .  .    2,15,000 

(2)  Interest  on  arrears  of  dividends  at 

n  1  %  plus  redemption  of  arrears  . .    1,32,000 

(3)  Redemption  of  capital  in  80  years         7, 500 

(4)  Provision  for  reserve  .  .  . .       50,000 


4,04,000 


The  estimated  annual  profit  from  shafts  of  this  depth 
was,  for  B  grade  coal,  z\  lakhs. 

Shafts  2 ,000  ft.  deep  to  B  grade  coals  are  therefore  out 
of  the  question. 

For  A  grade  coals  it  was  4 J  lakhs ,  rather  too  close  to 
the  minimum  profit  necessary  as  calculated  above  to  be 
pleasant. 


1917.J  DEEP    COAL    AREAS    IN    BENGAL.  89 

For  Companies  sinking  adjacent  to  their  existing  col- 
lieries, it  is  a  fair  mining  proposition  to  sink  2,000  ft.  to 
A  grade  coals. 

For  separate  undertakings  it  is  doubtful. 

Case  (3) — Shafts  1,500  ft.  deep. 

Capital — 19  lakhs  in 

7  lakhs  cumulative  preference  at  7  % 
12     ,,     Ordinary  requiring  10%. 
Time  to  bring  to  dividend-paying  stage — 6  years. 
2/3rd  Capital  called  up  on  flotation. 
i/3rd         ,,  ,,        3  years  after  flotation. 

Arrearsiudividendsateud  of  6  years — Rs.  8,04,000. 

Profit  required  annually — 

(1)  Interest  on  7  lakhs  preference  at        Rs. 

7  °0  and  12  lakhs  ordinary  at  10  °0    1,69,000 

(2)  Interest  on  arrears  capitalized  plus 

redemption  .  .  . .       82,500 

(3)  Redemption  of  capital  . .         6,000 

(4)  Provision  for  reserve  .  .  .  .       50,000 


3,07,5oo 


In  B  grade  coals  the  probable  annual  profit  was  z\ 
lakhs. 

Sinking  1,500  ft.  shafts  to  B  grade  coals  is  therefore 
not  a  practical  proposition. 

In  A  grade  coals  the  estimated  profit  was  4J  lakhs, 
against  roughly  3  lakhs  necessary  to  give  a  fair  return  and 
meet  all  charges. 

Shafts  1 ,500  ft.  deep  are  therefore  a  fair  mining  propo- 
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sition  for  separate  undertakings  likely  to  give   a   return 
of  10  to  15  °0  to  ordinary  shareholders. 

They  will  be  more  profitable  in  the  cases  of  companies 
sinking  them  adjacent  to  their  existing  properties. 

Case  (2) — Shafts  1,000  ft.  deep. 

Capital — 12  lakhs,  all  ordinary  shares. 
8  lakhs  called  up  on  flotation. 
4     ,,  ,,        2  years  after  flotation. 

Time  to  dividend-paying  stage — 5  years. 
Arrears  in  dividends  after  5  years — Rs.  5,20,000. 


Rs. 


Annual  profits  required — 

(1)  Dividend  on  12  lakhs  at  10%  .  .  1,20,000 

(2)  Interest  on  capitalized  arrears  plus 

redemption  .  .  .  ,      52,000 

(3)  Redemption  of  capital  .  .        3,500 

(4)  Provision  for  reserve     .  .  . .      50,000 


2,25,000 


Our  estimated  profit  per  1,000  ft.  shafts  to  B  grade 
coal  was  2f  lakhs. 

Therefore  shafts  1,000  ft.  deep  to  B  grade  coals  are 
a  reasonable  proposition. 

In  the  case  of  A  grade  coals  the  probable  profit  is  4% 
lakhs  and  the  matter  is  beyond  doubt. 

Case  (i) — Shafts  500  ft.  deep. 

Capital — 8  lakhs,  all  ordinary. 

Time — 3J  years. 

Arrears  in  dividends  after  3^  years — Rs.  2,80,000. 
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A  u in i til  profit  required —  „ 

(i)  Dividend  at  10  %             ..  .  .  80,000 

(2)  Interest  and  redemption  of  arrears 

capitalized                  .  .  .  .  29,000 

(3)  Redemption  of  capital  .  .  .  .  2,500 

(4)  Provision  for  reserve      .  .  . .  50,000 


1,61,000 


To  A  and  B  grade  coals,  shafts  of  this  depth  are,  of 
course,  unquestionably  profitable. 

But  for  the  first  time  C  grade  coal  is  possible. 

Our  estimated  probable  profit  was  Rs.  1,50,000. 

Our  minimum  required  is  Rs.  1,63,000 — too  near  to  be 
pleasant. 

While  possibly  profitable  for  Companies  sinking  the 
shafts  adjacent  to  their  other  collieries  as  a  separate 
undertaking,  it  must  be  rejected  for  C  grade  coals. 

I  think  I  can  anticipate  a  criticism  of  these  figures. 

First  that  the  estimates  of  the  cost  of  sinking  are  too 
high ,  particularly  in  the  cases  of  the  lesser  depths. 

But  the  nature  of  the  equipment  contemplated  must 
be  realized.  It  is  of  no  use  equipping  collieries  at  the 
present  day  in  what  I  would  term  "a  vertical  boiler" 
frame  of  mind. 

For  instance,  in  shafts  over  400  ft.  deep  essentials  are 
— electrical  pumping  and  haulage,  a  ventilating  fan  and 
screening  and  possibly  picking  plants. 

Also  the  increased  price  of  machinery  must  be  recol- 
lected. 
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The  summary  of  the  conclusions  I  would  derive  from 
the  above  figures  is — 

(a)  That  shafts  2,500  ft.  deep  are  not  likely  to  be  pro- 

fitable ventures  to  any  Indian  seam  at  the 
prices  and  costs  likely  to  obtain  in  the  next  ten 
years. 

(b)  That   shafts    2,000    ft.    deep    are    inadvisable    to 

Jherria  seams,  and  to  Disergarh  and  Poniati 
seams  in  the  case  of  separate  undertakings. 

They  may  possibly  be  profitable  to  Companies  sinking 
them  adjacent  to  existing  collieries  of  theirs. 

(c)  That  shafts  1,500  ft.  deep  are  likely  to  be  profitable 

to  the  Disergarh  and  Poniati  seams,  but  not  to 
Jherria  seams. 

(d)  vShafts  1,000  ft.  deep  should  undoubtedly  be  profit- 

able to  Disergarh  and  Poniati  seams  and  also 
to  first  class  Jherria  coals. 
(f)  Shafts  500  ft.  may  be  profitable  even  for  2nd  class 
Jherria  coals. 

Minimum  Areas. 

A  further  interesting  point  is  the  least  area  to  which 
pits  of  various  depths  can  be  sunk  to  seams  of  various 
thickness. 

Taking  Indian  coal  as  Si  lb.  per  cub.  ft.  and  a  net 
recovery  of  75%,  allowing  for  losses  in  working,  faults, 
shaft  pillars,  etc. ,  the  yield  is  400  tons  per  foot  thickness  of 
the  seam  per  bigha. 

In  the  cases  we  considered  above,  we  assumed  a  life 
of  80  years  and  a  sale  of  200,000  tons  per  year.  Allowing 
for  coal  consumed  in  boilers  and  dust  sold,  the  amount 
raised  annually  would  be  225,000  tons. 
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Bighas 

This  life 

in 

a 

9  ft. 

seam 

would  require    . 

■    5,ooo 

>  >      >  > 

i  y 

12  ft. 

»  j 

» y                  )  j 

•    3,750 

>>      >> 

y  j 

15  ft. 

>  > 

>  >                  j  > 

. .    3,000 

1  )                1  > 

18  ft. 
21  ft. 

■    2,500 
.    2,100 

Areas  of  this  magnitude  are  of  course  desirable,  hut 
ma}-  not  be  obtainable. 

The  area  is  of  course  dependent  on  the  life  necessary, 
and  this  on  the  charge  which  will  have  to  be  set  aside  for 
redemption  of  the  capital  at  the  expiry  of  the  life  of  the 
colliery. 

Taking  the  life  at  80  years,  the  annual  redemption       Rs. 
charge  per  lakh  at  3%  com- 
pound interest  . .  310 
4"                 ..                                .  .       1.  ■ 

30  ..  ..  ..j,; 

20  ..  ..  ..       ',720 

„         10  ..      5.360 

Referring  to  the  case  of  shafts  2,000  ft.  deep  which  we 
found  possible  in  the  case  of  existing  companies — 

The  capital  and  arrears  of  dividend  to  be  redeemed 
total  37-2  lakhs. 

With  the  life  we  took,  i.e.  80  years,  the  redemi 
represented  an  annual  charge  of  Rs.  7,500. 

With  a  life  of  40  years,  the  annual  charge  is  Rs.  50,000, 
or  Rs.  42,500  extra. 

This  swallows  up  the  margin  of  profit. 

So  in  the  cases  where  shafts  2,000  ft.  deep  are  permis- 
sible the  life  should  be  from  60  to  80  years. 

In  the  case  of  shafts  1,500  ft.  deep,  the  capital  and 
arrears  of  dividends  total  zy$  lakhs  and  the  annual  charge 
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we  allowed  for  redemption  was  Rs.  6,000  on  a  life  of  80 
years. 

With  a  life  of  30  years  the  annual  charge  is  Rs.  57,300, 
or  an  excess  of  Rs.  51,300,  and  the  margin  of  profit  is 
sufficient. 

With  a  life  of  20  years,  the  excess  is  Rs.  95,500. 

The  margin  of  profit  is  sufficient  to  allow  of  this  extra 
sum  being  set  aside,  but  a  life  of  30  years  is  the  least  that 
can  safely  be  assumed. 

In  the  case  of  shafts  1,000  ft.  deep,  the  capital  and 
arrears  of  dividends  totalled  172  lakhs. 

The  redemption  charge  we  allowed  for  a  life  of  80 
years  was  Rs.  3,500.  For  life  of  30  years  the  annual 
redemption  charge  is  Rs.  36,100,  or  an  excess  of  Rs. 
32,600. 

This  is  just  permissible  in  the  case  of  B  grade  coals. 
For  a  life  of  15  years  the  excess  is   Rs.  88,700,  and 
possible  for  A  grade  coal. 

Fifteen  years'  life  is,  however,  an  advisable  minimum, 
although  for  a  life  of  ten  years  the  excess  redemption 
charge  over  that  allowed  for  our  estimates  based  on  a  life 
of  80  years  is  Rs.  1,44,000,  and  is  possible  for  A  grade 
coals. 

To  tabulate  :— 
Shafts  2,000  ft.  deep.     Minimum  life  for  A  grade  coals — 

60  years.  Bighas 

With  a    9  ft.  seam — minimum  area  .  .  3,75° 

,,        12  ft.      ,,  „  „  ..  2,800 

i5ft-     ,,  ,,  ,,  ••  2,250 

„        18  ft.     ,,  ,,  „  ..  1,875 

21  ft.     ,,  ..  ,,  ..  1,600 
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Shafts  1,500  ft.  deep.     Minimum  life  for  A  grade  coals- 


ju  y 

CcllS. 

Bighas 

With  a  seam 

1  J                       >  i 

9  ft. 
12  ft. 

thick- 

-minimum  area 

>  1 

•    1,875 
1.400 

V                   J  * 

15  ft. 

>» 

j  »             » j 

•    1,125 

>  »                    J  ) 

18  ft. 

21  ft. 

j  y 
J  i 

M 

940 
800 

Shafts  1,000  ft.  deep.     Minimum  life  for  A  grade  coals — 


15  years. 

With  a    9  ft.  seam — minimum  area 

»        I2  ft-  » 

I5  ft.  ,, 

„        18  ft.  „ 

21  ft.  ., 


Bighas. 
940 
700 
560 
470 
400 


Shafts  1,000  ft.  deep.     Minimum  life  for  B  grade  coals- 


30  years. 

With  a    g  ft.  seam — minimum  area 
12  ft 

,,        J5  ft-     ,, 

„        18  ft.     „ 
21  ft 


Bighas. 

i,875 
1,400 

1,125 
940 
800 


It  must  be  remembered  that  these  small  areas  would 
be  rendered  available  only  by  limiting  the  shareholders' 
profits  to  10  %  and  they  only  represent  what  may  be  pos- 
sible and  bv  no  means  what  is  desirable. 


APPENDIX. 
(i)  Two  shafts  51 11 1  it.  deep 

1,000  ft.  sinking  at  Rs.  411  per  tout 
Two  winding  engines 
Foundations  and  seating  of  engines 
Two  engine-houses 
Two  headgears  65  ft.  high 
Foundations  and  erection  of  head  gears 
Walling  of  shafts  and  curb 

Four  Lancashire  boilers  with  seating  and  chimneys 
Two  125  k.w.  electric  sets  (Belliss  and  Morcom) 
Sundry  sinking  plant 
Sinking  pumps 
Pipes 

Repairs  and  pumping  expenses 
Ropes 

Workshop  with  plant 
Coal  during  sinking  at  Rs.  2  per  ton 
Three  bungalows 

(  Iffice  and  sundry  colliery  buildings. 
Three  hundred  coolie  dhowrahs 
Heapstead  with  screens  .  . 
Siding 

Fitting  up  pit  top  and  bottom 
Permanent  electric  pumps  (two) 
Two  electric  haulages  and  seating--   . 
Establishment  for  il  years  at  Rs.  1,200  per  month 
Cost  of  mains  for  development,  including  air  compressors  an 

drills  lor  speedy  drivage 
Three  hundred  coal  tubs.  . 
Rails 

Fan  and  motor  with  erection 
Contingencies  at  10% 


Rs. 
40,000 

;o.ooo 
8,000 

_'3.nno 
4,000 
8,000 

511. 

80,000 
10.000 
20,000 
10.000 
10,000 
5,000 
12.000 
15.000 
20,000 
15.000 
36,000 
20.1 11  in 
20.11110 
[5,000 
20,000 
20.000 
36,000 

30,000 

42.000 
10,000 
25,000 
62,000 

7,06,000 


Say  7  lakhs. 
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Time  till" 

J  year  erection  of  head  gears,  engine*  and  buildings. 

i  year  sinking. 

i  year  development. 

2.V  years  total. 


(2)  Two  shafts  1 

Rs. 

10  ft.  of  sinking  at  Rs.  60  per  toot                    .  •  •  •  l,2i 

Two  winding  engines        .  .  000 

Foundations  and  seating  of  engines  .  .  .  .  10,000 

Two  engine-houses           ..                 ..                 ..  10.000 

Two  head  gears  (15  ft.  high 
Foundation  and  erection  of  head  gear- 
Walling  of  shafts  with  curbs               .  .  . .  10. 

Two  secondary  winding  engines  for  sinking         .  .  .  .  2     000 

Four  Lancashire  boilers  with  seatings  and  chimney  .  .  60 

Two  250  k.w.  electric  generating  set  (Belliss  and  Morcom 

type)  with  condenser  .  .                   .  .                   .  .  ..1,2 

Pipes                .  .                   .  .                                        .  .  .  .  15.000 

Three    electric    sinking    pumps    with     suspending  winches, 

capable  of  dealing  with  15,000  galls,  per  hour  in  each  shaft 

Ropes — winding,  suspending  pumps                      ..  ..  10.000 

Repairs  and  pumping  expeuses          .  .                   •  •  •  •  15.000 

Workshop  with  plant       ..                   ..                   .-  •■  15,000 

Coal  during  sinking  at  Rs.  2  per  ton  delivered  .  .  .  .  30,000 

Three  bungalow-                ..                   ..                   ..  ..  20,000 

Office  and  sundry  colliery  buildings. .                 ..  . .  15,000 

Four  hundred  coolie  dhowrahs          ..                 ..  ..  000 

Heapstead  with  screens  .  .                   .  .                   .  .  . .  ,0.000 

Siding              .  .                   .  .                   .  .                   .  .  .  .  _   .000 

Fitting  up  pit  top  and  bottom           .  .  .  .  15.000 

Permanent  electric  pumps  and  seating                  .  .  .  .  30,000 

Two  electric  haulages  and  seating                          .  .  .  .  2    .000 

Establishment  for  3§  years  at  Rs.  1.500  per  month  .  .  o  ;:ooo 
Cost   of  mains  for    development    including  air  compressors 

and  drills  for  speedy  drivage          . .                  •  •  •  •  30,000 

Sixteen  guide-ropes,  cages  and  keps.  .                   ■  •  •  -  15.000 
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Three  hundred  coal  tubs 

Fan  with  motor  and  erection 

Rails 

Contingencies  at  10% 


Rs. 

42. 

25,000 

10,000 

1,00,1  ><  11 1 

11,04,000 

Say  11  lakhs. 
Time  allowed. 

1  year  erection  of  head  gears,  engines  and  buildings. 

2  years  sinking. 

1  year  development. 

3!  years  total. 

(3)   Two  shafts  1,500  j '(.  deep.  Rs. 

3,000  ft.  of  sinking  at  Rs.  So  per  foot                   .  .  .  .  2,40,000 

Two  winding  engines        .  .                  .  .                  . .  .  .  1,50,000 

Foundations  and  erections  of  engines                    .  .  .  .  25,000 

Two  engine-houses            ..                   ..                   ..  ..  12.000 

Two  head  gears  85  ft.  high                 .  .                  .  .  . .  60,000 

Foundations  and  erection  of  head  gears               . .  . .  6.000 

Walling  of  shafts  with  curbs               ..                   ..  ..  1 0.000 

Two  secondary  winders  for  sinking  ..                   ..  ..  211.000 

Their  foundations,  erections  and  enjine-houses.  .  ..  6,000 

Three     Babcock    and    Wilcox     boilers    with    chimney    and 

Green's  Eeonomiser      ..                   ..                   ..  ..  1,20,000 

Electric    generating    plant    for    500  k.w.  with  stand-by  set 

(probably  mixed  pressure  turbines)                   ..  ..  2.75,000 

Sundry  sinking  plant,  including  sinking   frames    and  their 

ropes           .  .                  . .                  ■  ■                  •  •  ■  •  4"  ,000 

Three  electric  sinking  pumps  with  suspending  winches  (cap- 
able of  dealing  with  20,000  galls,  per  hour  in  each  shaft). .  ijOO.ooo 
Pipes               ..                  ..                  ..                  ..  •■  20,000 

Repairs  and  pumping  expenses         .  .                  .  .  •  ■  25.000 

Ropes  for  suspending  sinking  pumps                    ..  •■  6,ooo 

Workshop  with  plant      ..                 ..                 ..  ••  20,000 

Winding  ropes  during  sinking  and  development  . .  10.000 

Coal  during  sinking  at  Rs.  2  per  ton                      . .  -  .  4'  >.ooo 
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Four  bungalows 

Office  and  sundry  colliery  buildings 

Four  hundred  coolie  dhowrahs 

Heapstead  with  screens 

Siding 

Fitting  up  pit  top  and  bottom 

Permanent  electric  pumps  with  seating 

Two  electric  haulages  with  seating    .  . 

Establishment  for  4 -J  years  at  Rs.  1,500  per  month 

Cost   of   mains  for  development,  including  air  compressors 

and  coal  cutters  for  speedy  drivage 
Three  hundred  coal  tubs 
Sixteen  guide  ropes,  cages  and  keps 
Rails 

Fan,  motor  and  erection.  . 
Contingencies  at  10% 


Rs. 
s.000 

20.000 

50.000 
.000 
25 
15. 
35,1 

81,000 

30,000 
42,000 

15, 

i" 
30,1 
'.000 

18,13,000 


Or  say  18  lakhs. 
Time  allowed. 

1  year  preliminary  work,  erecting  head  gears,  engines  and  buildings. 

2  J  years  sinking. 

1  year  developing. 

4!  years. 


(4)  Two  shafts  2.000  ft.  deep. 

4,000  ft.  sinking  at  Rs.  85  per  foot  .  . 
Two  winding  engines 
Foundations  and  erection  of  engines 
Two  engine-houses 
Two  head  gears  85  ft.  high 
Foundation  and  erection  of  head  gears 
Walling  of  shafts  with  curbs 
Two  secondary  winders  for  sinking 
Four  Babcock  and  Wilcox  boilers  with  chimney  and  Greens 
Economiser 


Rs. 
1,40 

2    11 

'.000 

15 



ro 

Ji  i,(  poi  I 

1,50,000 
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Rs. 
Electric   generating   plant  for   750  k.w.  with   stand-by   set 

(probably  fixed  pressure  turbines)                     ..                  ..  1,25,000 

Sundry   sinking    plant    including    sinking   frames  and  their 

ropes           .  .                   .  .                   .  .                   . .                   .  .  45,000 

Electric  sinking  pumps  (3)  ,vith  suspending  winders  capable 

of  dealing  with  20,000  gallons  per  hour  in  each  shaft        .  .  1. 10. 000 

Pipes               . .                  .  .                  .  .                                      . .  J5,ooo 

Repairs  and  pumping  expenses          .  .                   .                     .  .  35.000 

Ropes  for  sinking  pumps                    ..                 ..                 ..  8,000 

Workshop  with  plant      ..                 ..                 ..                 ..  25,000 

Winding  ropes  during  sinking  and  development                     . .  id. 000 

Coal  during  sinking  at  Rs.  2  per  ton  delivered  .  .                   .  .  50.000 

Five  bungalows                 ..                   ..                   ..  40.(100 

Office  and  sundry  colliery  buildings                       .                     .  .  30.000 

Four  hundred  dhowrahs                     ..                 ..                 ..  50,000 

Heapstead  with  screens  . .                   ..                   ..                   ..  40.000 

Siding             . .                   . .                   .  .                   .  .                   . .  25.000 

Fitting  up  pit  top  and  bottom           .  .                   .  .                   . .  15,000 

Permanent  electric  pumps  with  seating                . .                   .  .  45.000 

Two  electric  haulages  with  seating  ..                   ..                   ..  ;o,ooo 

Establishment  for  six  years  at  Rs.  2,500  per  month              .  .  1, 80,000 
Just    of  main  galleries  for  development  including  ail  com- 
pressors and  coal  cutters  for  speedy  drivage  .  .                  .  .  30,000 

Sixteen  guide-ropes,  cages  and  keps                      .  .                   .  .  40,000 

Three  hundred  coal  tubs  .  .  .  .  .  .  42. 

Rails                 .  .                   .  .                   .  .                   .  .                   .  .  10.000 

Fan  motor  and  erection  ..                 ..                 ..                 ..  ;o,ooo 

Contingencies  at  12  J  %    ..                 ..                 ..                 ••  2.50.000 


_'  ;47,ooo 
Or  say  23. 1  lakhs. 


Tunc  allowed. 

I  year  erecting  engines,  head  gears  and  buildings. 
;.l  years  sinking 

I I  years  development 


6  years. 


lit  I  T.J 


DEEP    COAL    AREAS    IX    BENGAL. 


101 


(5)   Two  shafts  2,500  ft.  dt 

Rs. 

5,000  ft.  of  sinking  (labour  and  explosives  at  Rs.  90  per  foot       4.5 

Two  winding  engines        .  .  .  .  -  ; 

Foundations  and  erection  of  engines 

Two  engine-houses  .  .  .  .  is 

Two  head  gears  85  ft.  high  ..  ..  ..  60, 

Foundations  and  erection  of  heal  gears 

Walling  of  shafts  with  curbs 

Two  secondary  winders  for  sinking  .  .  .  .  .  .  40 

Their  foundations,  erection  and  engine-houses 

Four  Babcock  boilers  with  chimney  and  Green's  Economic 

Electric  generating  plant   for   750    k.w.  with    stand-by    set 

(probably  mixed  pressure  turbines)  ..  ..       3,25,000 

Sundry   sinking   plant   including    sinking   frames   and   their 

ropes  ..  ..  ..  ..  ..  50 

Electric    sinking  pumps    (three)    with    suspending    winches 

(capable  of  dealing  with   20,000  gallons  per  hour  in  each 

shaft)  . .  .  .  .  .  .  .  1,2= 

Pipes  . .  .  .  . .  .  .  .  .  50, 

Repairs  and  pumping  expenses  ..  ..  ..  1 

Ropes  for  suspending  sinking  pumps  .  .  10. 

Workshop  with  plant 

Winding  ropes  during  sinking  and  development 

Coal  during  sinking  at  Rs.  2  per  ton  delivered 

Five  bungalows  .  .  .  .  .  .  .  .  4.1 .  . 

Office  and  sundry  colliery  buildings 

Four  hundred  coolie  dhowrahs  ..  ..  ..  50.000 

Heapstead  with  screens  ..  ..  ..  ..  40,000 

Siding  .  .  .  .  .  .  .  .  .  .  25. 

Fitting  up  pit  top  and  bottom  ..  15,000 

Permanent  electric  pumps  with  seating  .  .  .  .  50, 

Two  electric  haulages  with  seating    ..  ..  ..  ,0 j 

Establishment  for  6  years  at  Rs.  2,500  per  month  .  .        2.10.000 

Cost  of  mains  for  development,  including  air  compresso 

coal  cutters  for  speedy  drivage      .  .  .  .  .  .  30 

Three  hundred  coal  tubs  .  .  .  .  4_ 

Sixteen  guide-ropes,  cages  and  keps  .  .  .  .  50,1 
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Rs. 
Rails  .  .  .  ■  •  ■  •  •  •  •  10.000 

Fan.  motor  and  engine  and  erection  ..  ..  35-""u 

Contingencies  at  15%      ..  ..  ■•  ..       3,50,000 


27,66,000 

Or  say  28  lakhs. 
Time  allowed. 

1  vear  erecting  engines,  head  gears  and  buildings 

41.  years  sinking 

1 J  year  development 


DISCUSSION. 

President  :  —I  think  I  may  safely  say  that  this  is  one 
of  the  most  valuable  papers  that  has  been  before  the  In- 
stitute for  a  long  time.  Mr.  Glen  George  is  showing  his 
usual  enterprise  in  taking  up  these  questions  at  a  time 
before  most  people  have  begun  to  think  of  sinking  to  depths 
of  2,500  feet.  He  has  gone  into  the  matter  with  great 
thoroughness,  and  even,  if  everybody  does  not  accept  his 
figures,  I  am  sure  you  will  all  agree  that  the  principle  of 
his  finance  is  sound,  that  is  to  say,  '  to  make  the  consumer 
pay.'     I  will  now  ask  Mr.  Ward  to  open  the  discussion. 

Mr.  Thos.  H.  Ward  . — The  author  deserves  the  hearty 
thanks  of  the  Institute  for  the  admirably  compiled,  and 
deeply  interesting,  paper  he  has  given  us.  If  I  am  in 
order,  I  should  like  to  propose  that  our  cordial  thanks  be 
accorded. 

The  figures  and  facts  the  author  has  placed  before  us 
are  of  very  great  interest  and  represent  a  great  deal  of 
labour.  I  admire  the  courage  of  the  author  in  placing  so 
much  detail  before  this  critical  audience.  There  are  sure  to 
be  many  points  with  which  one  or  other  of  us  will  not  find 
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ourselves  in  accord.  That  is,  of  course,  inevitable.  I  shall 
refer  to  some  only  of  those  which  strike  me  before  stating 
my  principal  reason  for  demurring  to  the  author's  conclu- 
sion that  "pits  2,500  feet  in  depth  are  not  a  paying  pro- 
position at  the  present  time." 

I  am  in  the  dark  as  to  what  the  author  means  when 
he  says,  referring  to  the  Giridih  coalfield,  that  "  special 
conditions  prevailed  ten  years  ago."  It  was  in  1908  that 
the  sinking  of  the  deep  pit  was  completed.  The  pit  is  906 
feet  to  the  top  of  the  seam  and  the  completed  depth  is  964 
feet.  This  fact  (916  feet  to  the  seam)  robbed  me  of  the 
honour  of  being  the  first  to  sink  a  "thousand-foot  shaft." 
I  have  often  regretted  the  fact,  especially  as  I  had  always 
held  and  proclaimed  my  opinion,  that  the  difference  in 
cost  between  500  and  1,000  feet  in  depth  was  negligible  so 
far  as  it  affected  the  cost  per  ton— the  unit  cost — of  raising 
the  coal.  But  I  have  some  partial  satisfaction  in 
that  the  author's  Company,  the  Bengal  Coal  Com- 
pany, requested  my  permission  to  allow  their  engineers 
to  make  plans  of  the  mechanical  arrangements  by  which 
the  pit  was  sunk.  I  had  also  the  pleasure  of  show- 
ing those  arrangements  to  the  members  of  this  Insti- 
tute. I  may  mention  that  we  had  great  "come"  of 
water — it  was  much  less  than  was  anticipated — but  we  had, 
continuously  almost,  bad  ground,  due  to  a  fissure  which 
we  had  to  follow  nearly  all  the  way  down  and  which  gave 
great  anxiety  to  Mr.  G.  C.  Lathbury,  who  was  in  charge  as 
Colliery  Manager.  This  fissure  necessitated  the  putting  in 
of  a  lot  of  brickwork,  and  dela3red  the  completion  of  the 
sinking  a  good  deal.  The  apparatus  in  question  was  re- 
moved to  No.  2  Jubilee  and  used  to  complete  this  pit  from 
a  depth  of  300  feet  to  800  feet.  Mr.  A.  Wright  was  in 
charge  of  this  sinking  and  a  lot  of  trouble  was  experienced 
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owing  to  bad  ground  necessitating  much  brickwork.  This 
was  due  to  the  sandstone  giving  way — weathering — on  the 
"  bord  ' '  side.  The  cleats  were  frequent  and  well  marked, 
with  the  result  that  two  of  the  sides  were  always  bad  about 
50  or  60  feet  above  the  men,  and  had  constantly  to  be  fixed 
in  and  periodically  -replaced  by  cement  brickwork.  I 
mention  these  details  because  it  will  be  noticed  that  the 
author  seems  to  anticipate  that  no  brickwork  will  be  re- 
quired in  the  deeper  shafts.  The  particular  I  want  to  call 
the  attention  of  members  to  is  the  fact  that,  at  this  sink- 
ing, 10,000  gals,  an  hour  was  easily  dealt  with  by  the 
apparatus  referred  to,  and  considerably  more  could  have 
been  disposed  of.  In  fact  the  arrangements  we  had  made 
were  not  all  brought  into  use.  These  results  were  made 
possible  by  fitting  up  the  shaft  with  a  permanent  winding 
engine  to  sink  with,  suitably  modified,  temporarily,  to 
deal  with  the  unbalanced  load.  This  made  the  use  of  a 
barrel  of  3  tons  water  (nett)  capacity  easy  (a  larger  one 
could  have  been  used)  and  the  arrangement  of  wire  guides 
for  the  water- barrel  and  the  sinking -bucket  made  high 
speeds  possible  and  safe.  These  remarks  are  made  with 
reference  to  the  author's  remark  on  page  91  that  "  in 
shafts  over  400  feet  deep  essentials  are — electric  pump- 
ing .   .   ." 

I  have  for  many  years  preached  the  economy  of  erect- 
ing adequate  plant,  and  particularly  the  advantage  of  sav- 
ing, where  the  quantity  of  water  allows  of  it,  the  outlay  on 
sinking  pumps,  pipes,  etc.,  by  erecting  the  winding  engine 
to  the  work.  The  detailed  estimates  the  author  has  placed 
at  our  disposal  show  the  great  cost  of  pumping  plant ,  which , 
when  the  shaft  is  finished,  is  of  no  further  use  and  must 
be  replaced  by  what  the  author  has  called  in  his  estimates 
'permanent    electric    pumps   with    seating."      All    these 


L917-1  DEEP   COAL    AREAS    IX    BENGAL  I  On 

items  will  repay  careful  consideration.  I  think  I  set  the 
example  of  applying  the  permanent  winding  plant  to  deal 
with  the  water.  It  is  in  these  coalfields  a  common  experi- 
ence to  find  that,  after  a  shaft  has  been  sunk,  the  water, 
in  quite  a  short  time,  takes  off  and  there  is  not  enough  or 
hardhT  enough  to  carry  on  with.  It  is  then  very  disappoint- 
ing to  find  one's  self  with  a  lot  of  costly  sinking  pumping 
plant  on  hand.  I  see  that  the  author  has  not  allowed  any 
value  for  this  costly  plant,  when  done  with,  in  his  estimate. 
It  is  usual  to  do  so. 

I  need  not  labour  this  point  further.  Up  to  the  com- 
paratively small  "  come"  named — 20,000  gals,  an  hour — 
it  is  possible  to  wind  the  water.  The  estimates  may  be, 
therefore,  modified  in  this  respect. 

I  should  like  to  ask  the  author  why  he  puts  the  value 
of  first  class  Jherria  coal  at  Re.  1  less  than  Deshergarh 
and  Sanctoria.  As  put  it  appears  that  he  does  this  on  the 
strength  of  the  1  %  extra  ash  the  author  attributes  to 
Jherria  coal.  This  cannot  be  so,  not  only  because  so  small 
a  difference  in  the  ash  content  would  not  be  represented 
by  so  great  a  difference  in  the  price,  but  because  such  a 
difference  in  ash  would  be  more  than  compensated  for  by 
other  qualities  in  the  Jherria  coal,  and  one  must  suppose 
that  the  greater  cost  of  railing  the  coal  to  the  port  is  in  the 
author's  mind.  If  that  is  so,  the  author  has  hardly  been 
fair  to  Jherria  coal  in  putting  the  matter  as  he  has  done ,  and 
I  expect  some  one  else  will  take  up  this  point.  I  would  only 
point  out  that  the  difference  in  freight  is  exactly  reversed 
when  both  coals  go  westwards. 

I  notice — I  expect  it  is  an  oversight — that  the  author, 
at  the  bottom  of  page  91,  classes  screening  plant  as  amongst 
the  apparatus  which  must  be  supplied  for  shafts  over  400 
feet  in   depth  and  mentions  it  in   the  sense  of  being  an 
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adjunct  which  will  be  costly.  Certainly  the  necessity  for 
screening  the  output  has  no  relation  to  the  depth  from 
which  the  coal  is  raised,  while  the  process  of  screening 
mechanically  and  loading  direct  into  wagons,  is  cheaper  than 
the  usual  process  of  throwing  the  coal  on  the  ground  and 
picking  it  up  again,  sorting  it  in  the  process.  In  the  E.I.R. 
collieries  the  saving  has  been  one  anna  a  ton. 

On  two  other  minor  points  I  think  some  modification 
of  the  author's  position  is  possible:  (a)  amortisation  at 
3  %,  and  (b)  an  interval  of  9  years  to  bring  a  deep  installa- 
tion up  to  full  outputting  power. 

In  these  days  when  Consols  are  standing  at  60,  and  gilt- 
edged  securities,  in  the  shape  of  War  Loans,  are  available 
at  from  5  to  6%,  our  old-fashioned  ideas  on  this  point 
must  be  modified.  The  vast  indebtedness  of  the  Allies 
gives  ample  security  that  this  position  will,  for  some  gene- 
rations, be  a  stable  one.  The  rate  may  go  still  higher  but, 
it  seems  to  me,  it  cannot  go  lower.  3  %  is,  therefore,  too 
low.  I  should  myself  think  that  6  years  would  be  a  reason- 
able estimate  of  the  time  required  to  sink  and  develop  a 
mine  such  as  that  pictured,  in  a  thick  seam. 

This  suggests  another  reflection  :  Has  not  the  author 
exaggerated  the  bait  it  would  be  necessary  to  dangle  before 
the  eyes  of  the  ordinary  shareholders  ?  It  is  certain  that 
men  who  invest  in  ordinary  shares  have  to  go  without  divi- 
dends during  the  incubation  period  of  the  enterprises  they 
invest  in,  at  any  rate  in  many  cases.  But  it  may  be  said 
that  they  would  not  do  so  for  the  poor  prospect  the  author 
holds  out :  of  getting  ultimately  only  10  % .  With  that 
view  I  am  inclined  to  agree.  10  %  is  not  an  inviting  pros- 
pect with  9  years  to  wait.  All  the  same  the  author's  idea, 
that  the  ordinary  shareholders  should  get  10  °o  during  the 
incubation  stage,  seems  unduly  extravagant,  and   one  is 
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tempted  to  suggest  they  would  be  glad  to  get  5  %  or  at 
any  rate  not  more  than  Preference  shareholders,  during 
this  period,  when,  of  course,  they  are  not  running  the  risk 
incidentally  to  those  which  would  be  experienced  when  the 
venture  is  fully  developed.  At  any  rate  the  author's  pro- 
posal to  capitalize  the  debt  due  for  interest  at  the  end  of 
the  9  years  can  hardly  be  considered  to  be  an  economical 
one. 

This  brings  me  to  the  principal  objection  I  see  to  the 
author's  conclusion,  that  2,500  feet  pits  are  not  feasible 
now.  The  whole  position  will  be  found  to  hinge  on  what 
the  author  has  postulated  about  the  outputting  capacity 
of  these  deep  pits  when  sunk.  His  views  on  this  subject 
are  pessimistic  to  an  extreme  degree.  I  refer  to  the  re- 
marks made  on  page  S4.  It  is  there  laid  down  that  these 
collieries  will  not  yield  more  than  200,000  to  250,000  tons  a 
year.  If  that  is  so,  then  I  agree  that  deep  sinkings  are  out 
of  the  question.  It  is  this  limitation  which  has  caused  the 
author  to  fix  80  years  as  the  ' '  life  ' '  of  the  deep  colliery 
he  estimates  for,  and  which  is  the  key  to  the  final  conclu- 
sion arrived  at. 

If,  for  instance,  we  vary  this  condition  by  supposing 
that  the  rate  of  output  is  doubled,  i.e.  400,000  tons  a  year 
are  raised,  the  profits  are  doubled  in  like  manner  and  the 
conclusion  arrived  at  is  wholly  different  to  that  the  author 
has  announced.  Indeed,  it  is  clear  that  by  manipulating 
this  factor,  we  can  arrive  at  any  predetermined  conclusion. 
That  is  the  real  difficulty  in  dealing  with  all  estimates  of 
this  class. 

Let  us,  for  a  moment,  consider  the  position,  if  the  out- 
put is  presumed  to  be  400,000  tons  a  year.     The  "life  ' 
will  be  reduced  to  40  years,  and  this  will  necessitate  the 
sinking  fund  for  the  redemption  of  the  capitalized  value  of 
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the  arrears  of  interest  (17  lakhs)  and  of  the  total  capital 
expenditure  (29  lakhs)  being  increased  from  5,000  and 
9,000  to  22,542  and  38,454  respectively.  The  nett  result 
will  be  found  to  be  that  the  annual  profit  required  to  give 
10  ',,  to  the  ordina~y  shareholders  will  be  increased  to 
5,29,000.  As  the  profits  will  be  7,50,000  there  will  be  a 
surplus  profit  of  no  less  than  2,21,000,  which  will  be  nearly 
equal  to  an  additional  15  °0  on  the  ordinary  share  capital 
making  25  %  in  all.  This  is  a  prospect  which  would,  if 
authoritatively  placed  before  the  Calcutta  public,  produce 
plenty  of  response  without  any  stipulation  about  interest 
during  the  incubation  stage. 

But  it  is  not  necessary  to  double  the  estimated  out- 
put to  bring  this  deep-pit  proposition  within  the  cate- 
gory of  paying  ventures  on  the  condition  laid  down  by  the 
author — that  is,  a  10  °0  proposition  for  the  ordinary  share- 
holders. An  output  of  275,000  tons,  which  means  a 
"1116'"  of  58  years,  will  produce  rather  more— about 
Rs.  17,000  more — than  the  sum  required.  In  other  words, 
the  sum  required  to  pay  a  10  °0  dividend,  and  to  provide 
for  the  amortisation  of  the  whole  of  the  capital  at  stake 
at3  %,  would  be  Rs.  4,98,304  (as  compared  with  Rs.  4,82,000 
in  the  case  the  author  has  taken),  but  the  profit  would  be 
Rs.  5,15,625  against  Rs.  3,75,000  in  the  latter  case.  With 
an  output  of  300,000  tons,  or  53  years'  "  life,"  the  figures 
would  be  Rs.  5,04,409  required  and  Rs.  5,62,500  earned,  or 
a  margin  of  Rs.  58,000. 

It  is  clear  then  that  the  conclusion  an  enquirer  will  come 
to  will  depend  mainly  on  the  output  which  he  estimates 
can  be  worked  up  to.  It  is  also  certain  that  there  will  be 
widely  differing  opinions  on  this  point.  The  author  has 
given  his  opinion,  remarking  on  the  inferior  powers  of  the 
Indian   miner  and    stating  :    ' '  that  outputs  approaching 
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English  figures  will  be  obtained  is,  I  fear,  out  of  the  ques- 
tion." I  hardly  think  these  remarks  dispose  of  the  ques- 
tion— the  very  important  question — at  issue.  The  Indian 
miner,  at  any  rate,  we  shall  have  to  put  up  with.  His  small 
outputting  power  is  due  to  two  causes  :  he  is  physically  in- 
ferior to  his  European  prototype  and  he  is  expected  to  do 
work  which,  if  it  were  required  of  a  European,  would  prove 
to  be  prohibitively  costly.  In  considering  the  low  average 
result,  as  compared  with  what  a  miner  gives  in  England, — 
quoted  by  the  author  as  being  one-third, — we  must  not  for- 
get that  the  underground  workers  in  this  country  include 
(take  the  figures  for  Jherria  given  in  the  Chief  Inspector's 
report  for  1914)  43  %  of  women  workers,  who  are  employed 
in  carrying  coal  "  by  heads,"  as  our  Indian  friends  express 
it.  Such  a  process  would  not  pay  in  Europe.  What  can 
be  got  out  of  the  Indian  miner  is  well  illustrated  at  the 
Serampore  Colliery,  E.I.R.,  where  from  the  two  central  pits 
for  the  12  months  ending  the  31st  of  March  last,  the  Col- 
liery Superintendent  tells  me  that  354,000  tons  were  raised. 
This  was  accomplished  with  the  unsuitable  equipment  of 
10  cvvts.  tubs  and  a  i'-o."  guage  under-ground  railway — a 
handicap  which  would  be  obviated  in  laying  out  a  new 
undertaking. 

As  regards  English  outputs  :  we  need  not  approach 
them  to  attain  the  moderate  output  we  are  considering — 
300,000  tons  a  year.  We  certainly  shall  not  approach  the 
output  of  the  Cresswell  and  Bolsover  collieries,  which  I 
was  once  privileged  to  visit.  There  from  a  single  shaft, 
in  8  hours  only,  3,000  tons  are  raised  in  tubs  running  about 
three  to  the  ton,  from  a  seam  only  4^  feet  in  thickness.  I 
think  the  author  has  overlooked  the  fact  that  these  enor- 
mous outputs  from  English  mines  are  got  from  thin  seams. 
When  we  consider  that  here  you  only  work  thick  seams. 
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the  difficulty  the  author  puts  forward ,  viz.  that  three  times 
the  number  of  working  places  must  be  found  for  Indians, 
largely,  if  not  altogether,  disappears. 

The  chief  difficulty  in  carrying  out  the  enterprise  would 
be  the  organization  of  the  labour  force,  and  although  I  have 
expressed  an  opinion  somewhat  different  to  the  author's,  I 
should  be  disinclined  to  advise  such  an  enterprise  until  the 
necessity  for  it  was  plainer,  unless  a  large  settled  labour 
force  was  already  available,  or  the  narrower  margin  of 
profit  which  the  author's  investigations  show  there  will 
be,  should  make  us  cautious.  In  the  Old  World,  too,  the 
development  of  deeper  shafts  has  been  a  gradual  one,  and 
that  is  obvioush*  the  natural  way  in  which  enterprises  must 
come  about.  The  more  easily  worked  coal  must  disappear 
before  coal  requiring  so  much  capital  to  get  at  it  can  be 
safely  touched.  Competition  for  labour  will  then  be  less 
keen  and  the  tendency  will  be  towards  a  rise  in  the  selling 
price  of  the  commodity  increasing  the  margin  of  profit  and 
making  such  an  enterprise  safer.  In  other  words,  these  pits 
are  not  advisable  when  they  are  directly  in  competition 
with  coal  which  can  be  developed  by  the  application  of 
what  the  author  has  sarcastically  described  as  "  a  vertical 
boiler  frame  of  mind."  In  times  of  bad  trade  this  class 
of  enterprise  can  be  laid  off  without  loss,  which  would  for 
a  variety  of  reasons  I  need  not  specify  be  very  great  in  the 
case  of  deep  pits.  This  aspect  of  the  question  must  not  be 
lost  sight  of. 

An  interesting  section  of  the  paper  is  devoted  to  '  *  mini- 
mum areas."  The  matter  has  been  treated,  perhaps,  too 
much  as  an  arithmetical  problem.  The  yield  from  a  seam 
nine  feet  thick  would  not  be  represented  by  the  same  fac- 
tor as  that  from  a  seam  21  feet  thick.  Probably  the  diffi- 
culty of  stating  what  the  actual  proportions  would  be  has 
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deterred  the  author  from  attempting  to  find  a  more  accu- 
rate solution. 

Mr.  Simpson  : — I  should  like  to  ask  Mr.  Glen  George 
one  or  two  questions  with  regard  to  pumping.  I  notice  he 
has  estimated  an  increase  of  cost  of  about  three  annas  a 
ton  only  for  each  increase  in  depth.  I  should  like  to  ask, 
first  of  all,  if  there  is  a  point  in  the  measures  at  which  there 
may  be  tubbing  for  the  whole  surface  water,  leaving  no 
water  to  go  to  the  bottom  ;  if  he  contemplates  getting  ex- 
tra water  as  he  goes  deeper,  and  if  so,  how  much.  It  seems 
to  me  that  the  cost  of  dealing  with  extra  quantities  of 
water  at  increased  depths  might  easily  amount  to  two 
annas  in  itself.  I  would  also  ask  Mr.  Glen  George  what 
temperature  he  expects  to  meet  at  2,500  feet. 

Hon.  Mr.  W.  A.  Ironside  : — Mr.  President  and  Gentle- 
men, I  scarcely  feel  that  I  can  add  very  much  of  value  to 
the  discussion  on  the  interesting  subject  which  has  been 
opened  by  Mr.  Glen  George.  I  might  say  with  regard  to 
two  aspects  dealt  with  by  Mr.  Ward  that  I  feel  rather  like  a 
patient  in  the  hands  of  doctors  anxious  to  inform  me  of  the 
cost  of  an  operation,  a  layman  amongst  experts  all  of  whom 
are  probably  desirous  of  telling  me  what  to  do  to  get  rid 
of  my  complaint.  I  have  not  studied  Mr.  Glen  George's 
figures  very  closely  as  my  time  has  been  limited,  and  in 
saying  that,  I  would  not  like  him  to  think  that  I  appre- 
ciate any  the  less  his  subject  or  his  figures.  I  believe  he 
has  opened  out  a  subject  of  engrossing  interest  to  mining 
engineers,  but  I  will  perforce  leave  him  in  the  hands  of  his 
mining  colleagues  or  brother  doctors  who  will  probably 
like  doctors  disagree  on  details,  which  may  be  often  essen- 
tial points  but  which,  I  think,  need  not  concern  me  per- 
sonally as  an  industrialist.  The  figures  quoted  are  large 
enough,  and  it  matters  little  if  the  totals  which  are  quoted 
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by  Mr.  Glen  George  are  a  few  lakhs  up  or  down.  I  sin- 
cerely hope  when  it  comes  to  the  author's  turn  to  carry 
out  any  of  these  large — almost  stupendous — operations, 
that  speedy  development  will  enable  him  to  secure  returns 
on  the  capital  expenditure  within  the  period  specified. 
My  own  experience  has  often  been  disappointing,  but,  of 
course,  we  have  learnt  from  Mr.  Ward  that  things  are  done 
differently  at  Giridih ;  but  then  Mr.  Ward  comes  from 
Giridih  ' '  where  wagons  are  always  running  and  the  Indian 
Mining  Association  is  at  rest  !  ,:  This  paper,  Sir,  to  me 
seems  to  appeal  to  industrialists  like  myself  who  have 
not  only  to  consider  the  subject  of  coal  from  the  point  of 
view  of  a  supplier  but  also  from  that  of  a  consumer ;  and 
the  position  of  our  coal  reserves  seems  to  have  been  opened 
up  to  our  vision  here  by  Mr.  Glen  George's  paper  in  a  way 
which  merits  attention.  Is  it  necessary  to  contemplate 
2,500  feet  depths  whilst  there  is  surely  still  abundant 
coal  available  in  India  to  fill  and  meet  the  requirements 
of  the  industrial  world  ?  The  whole  subject  is  of  un- 
doubted economic  importance  and  requires  investigation 
by  Government,  and  I  trust  this  may  be  done  methodi- 
cally and  on  no  cheap  patch-work  principle,  for  if,  as  Mr. 
George  would  suggest,  first-class  coal  is  disappearing  at 
such  a  pace  that  these  deep  sinkings  are  not  only  contem- 
plated but  actually  effected  and  deeper  shafts  are  in  pros- 
pect and  necessary,  then  it  seems  to  me  that  we  are  in  a 
bad  way,  and  the  State  must  face  the  problem  of  the  avail- 
able coal  supplies  of  the  country. 

I  am  obliged  by  reason  of  my  business  to  face  this 
coal  problem  both  as  a  consumer  and  as  a  supplier,  and  if 
these  deep  sinkings  at  great  cost  be  necessary,  then  ere  long 
the  price  of  coal  must  rapidly  advance,  for  deep  sinkings 
will  have  to  be  paid  for.     I  wish  I  could  feel  happy  about 
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Mr.  George's  figures  of  raising  cost — they  strike  me  as  too 
cheap  ;  and  are  there  no  other  qualities  of  coal  available  suffi- 
ciently good  for  industrial  use  ?  We  have  many  varieties, 
some  worse  than  others,  coals  indeed  that  some  people  say 
they  catanot  burn  ;  but  when  I  see  pickings  and  slack  of  all 
kinds  burnt  in  colliery  boilers  with  the  greatest  of  ease 
under  the  most  unfavourable  conditions,  one  has  reason  to 
think  :  why  cannot  other  people — jute  mills  for  instance — 
use  other  than  first-class  coal ;  if  collier}-  engineers  can 
burn  any  class  of  coal,  why  is  it  impossible  for  jute  mills 
to  do  so  under  infinitely  easier  conditions  ?  Perhaps  this 
Institute  can  do  something  to  help  by  indicating,  after 
carefully  and  officially  conducted  practical  experiments  on 
various  kinds  and  qualities  of  coal,  the  relative  value  of 
each  as  a  steam-raiser.  We  do  not  want  analyses — most 
of  us  don't  understand  them,  besides  they  are  as  often  as 
not  deliberately  incorrect ;  practical  steam-raising  results 
in  different  types  of  boilers  and  with  different  fuels  would 
be  of  great  value  to  the  consumer.  We  might  save  a 
large  portion  of  our  coal  bill  and  in  turn  render  available 
for  other  more  urgent  uses  much  of  first-class  coal  which  is 
now  being  used  owing  to  lack  of  knowledge  of  what  can 
be  done  with  coal  if  burnt  under  modern  conditions  in  a 
more  scientific  manner  ;  therefore  I  hope  this  Institute  will 
help  the  consumer  to  use  our  coal  supplies  to  greater 
advantage  instead  of  using  up  the  first-class  coal  at  the 
rate  we  are  doing  at  the  present  time.  I  believe  in  the 
wonderful  industrial  future  which  is  possible  for  this 
country,  but  I  am  sure  we  should  make  more  careful  use  of 
every  single  ton  of  coal  than  we  do  at  present ;  it  will  be  re- 
quired some  day,  if  not  to-day,  and  I  hope  that  suppliers 
and  consumers  will  be  obliged,  in  the  interests  of  the  coun- 
try at  large,  to  consider  and  deal  with  this  problem  of 
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the  rapid  disappearance  of  our  cheap  first-class  coal  sup- 
plies which  Mr.  Glen  George's  able  paper  has  drawn  to  our 
attention. 

.1/;-.  W.  S.  Elphinstone  : — I  have  listened  with  very 
greait  pleasure  and  interest  to  Mr.  Glen  George's  paper. 
Mr.  Glen  George  anticipates  a  criticism  of  his  paper.  Per- 
sonally I  appreciate  the  fact  that  the  mining  engineer  who 
has  had  the  most  experience  in  deep  sinking  in  India  has 
come  forward  and  actually  given  us  what  he  considers  a 
fair  average  cost  for  equipment  and  development  ;  he  has 
for  ever  done  away  with  what  I  may  call  the  speculators' 
prospectus  report  wherein  the  figures  were  generally  re- 
versed, the  equipment  being  kept  within  very  modest 
limits,  while  the  salami,  flotation  and  other  charges  run 
into  the  sum  that  Mr.  George  has  allowed  for  equipment. 
Thinking  investors  will  use  these  figures  when  receiving  a 
prospectus  in  the  future.  Of  course  at  the  same  time  Mr. 
George  has  made  an  opening  that  will  not  be  lost  by  intelli- 
gent directors  and  his  figures  of  cost  will  no  doubt  be  used 
to  confound  the  colliery  manager  and  mining  engineer  in 
future.  The  point  that  appears  to  me  most  serious  about 
the  paper  is  that  Mr.  George  has  defined  our  limitations, 
and  defined  them  accurately  too,  and  given  us  no  hope  of 
any  improvement.  It  is  easy  to  see  that  the  equipment 
provided  is  the  best  possible  for  the  purpose  and  is  not 
likely  to  be  improved  upon  as  far  as  an  increase  of  output 
is  concerned  within  the  next  ten  years.  It  is  also,  reading 
between  the  lines,  perfectly  clear  that  the  equipment  is 
capable  of  handling  probably  twice  the  estimated  tonnage. 
The  vital  point  is  output.  If  we  can  obtain  an  increase 
of  output  Mr.  George's  figures  are  immediately  improved 
upon  and  a  better  showing  can  be  made  for  the  case  of 
deep  mining  in  India.     This  brings  me  to  my  point,  that 
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we  must  be  prepared  to  consider  the  labour  problem.  We 
have  been  too  long  content  with  the  present  state  and 
always  considered  it  inevitable.  We  must  be  prepared  to 
organize  a  proper  labour  force.  You  will  probably  ask 
how.  First  I  would  say  by  adopting  regular  working  shifts. 
Miners  working  regular  shifts  would  be  much  more  efficient 
than  men  working  any  hours  they  pleased. 

We  cannot  allow  miners  to  be  running  up  and  down 
shafts  at  any  time,  as  with  incline  work,  and  yet  obtain 
the  required  output  for  the  increased  expenditure;  more 
control  is  necessary  for  discipline  in  order  to  enforce  the 
various  rules  for  safety. 

It  does  seem  that  Government,  taking  a  fatherly  inter- 
est in,  and  legislating  for  safety  in  mines,  might  consider 
how  necessary  for  safety  it  is  to  limit  the  hours  that  a  man 
may  work  underground.  If  the  hours  of  labour  were  de- 
fined by  law  we  should  have  increased  efficiency  in  the  indi- 
vidual and  in  the  complete  organization. 

If  we  could  only  increase  the  output  a  tub  per  day 
per  man  in  a  large  colliery  for  the  same  capital  expenditure, 
what  a  difference  that  would  make  to  the  costs  and  to  the 
return.  I  am  quite  sure  that  Mr.  Glen  George  has  given 
this  question  great  consideration,  and  I  should  like  to  know 
from  him  what  are  his  ideas  with  regard  to  the  future  on 
this  most  important  point  and  whether  he  is  at  the  present 
time  introducing,  or  has  introduced,  any  reforms  which 
might  lead  to  the  desired  end,  namely  increase  of  output 
which  up  to  a  certain  point  only  is  dependent  on  the  plant 
and  equipment. 

I  make  no  apologies  for  detaining  you  so  long  as  I 
seiiously  consider  that  we  shall  be  in  exactly  the  same  posi- 
tion ten  years  hence  as  we  are  in  to-day  unless  some  effort  is 
made  in  this  direction,  and  that  therefore  Mr.  Glen  George's 
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figures  will  be  as  good  then  as  they  are  to-day ,  which  is  a 
serious  reflection  on  every  one  of  us. 

Mr.  W.  A.  Lee  : — Mr.  Glen  George  emphasizes  that  the 
return  of  capital  at  10  per  cent  should  be  from  the  date  of 
investment,  but  in  the  case  of  2,500  feet  shafts  the  com- 
mencement of  return  is  postponed  for  nine  years.  That  is 
not  quite  giving  10  per  cent  from  the  date  of  investment ;  as 
a  matter  of  fact  if  you  begin  to  pay  10  per  cent  each  year 
from  the  date  of  investment  it  would  require  not  17  lakhs 
but  23  lakhs  additional  capital  before  the  colliery  began 
to  pay.  The  important  factor  appears  to  be  not  the  life 
of  the  colliery  so  much  as  the  depth.  I  notice,  taking  Mr. 
Glen  George's  figures,  that  the  cost  of  working  coal  from  a 
2,500  feet  shaft  of  So  years'  life  is  Rs.  5-13-6  per  ton  rough- 
ly. Even  at  40  years'  life  it  is  only  two  annas  a  ton  more, 
the  difference  in  the  cost  of  coal  worked  being  due  to  the 
earlier  amortization  of  the  capital.  In  the  case  of  500  feet 
there  is  no  difference  in  cost  of  coal  between  80  years' 
and  40  years'  life,  and  only  an  anna  and  a  quarter  per  ton 
between  80  years  and  10  years ;  so  that  the  question  of  the 
life  of  a  colliery  is  comparatively  a  small  matter.  The  im- 
portant thing  is  the  depth,  which  runs  away  with  the 
capital. 

I  was  sorry  to  hear  Mr.  Elphinstoue  make  a  sugges- 
tion about  legislation  for  the  greater  control  of  labour. 
Whether  it  is  desirable  or  not,  I  do  not  think  this  Institute 
is  quite  the  right  place  to  discuss  it.  I  think  we  have 
hitherto  confined  ourselves  to  technical  matters  and  avoid- 
ed anything  that  approached  political  questions,  so  to 
speak. 

I  was  extremely  glad  to  hear  what  Mr.  Ironside  had  to 
say  on  the  question  of  economically  using  the  country's 
store  of  coal  and  the  desirability  of  having  very  much  more 
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assistance  from  Government  in  that  respect  than  we  have 
had  hitherto.  I  have  preached  so  long  and  so  often  on 
this  subject  that  I  was  exceedingly  glad  to  hear  Mr. 
Ironside  say  something  in  the  same  direction. 

Mr.  E .  H .  Roberton  .  —  Mr.  Glen  George's  paper  is  finan- 
cial rather  than  technical,  and  in  so  far  as  criticism  on  the 
financial  side  is  concerned  he  has  cut  the  ground  from 
under  my  feet,  as  he  was  good  enough  to  honour  me  by 
entrusting  me  with  the  checking  of  his  figures.  Still  the 
remarks  of  certain  of  the  members  who  have  spoken  before 
me  prompt  me  to  say  a  few  words  on  the  subject  of  the 
probable  costs  at  great  depths.  Mr.  Glen  George  has  al- 
lowed a  certain  gradient  of  increase  in  the  cost  of  working 
as  the  pits  proceed  to  depth.  He  has  made  this  gradient 
fairly  uniform,  but  I  am  of  the  opinion  that  it  will  make 
a  decided  jump  at  somewhere  about  the  2,000-foot  level. 
Mr.  Simpson  touched  on  the  costs  and  difficulties  of  pump- 
ing from  increased  depths,  and  the  labour  question  has 
been  mentioned,  but  I  do  not  think  that  the  decisive  factor 
in  cost  increase  will  be  either  pumping  or  labour.  The  great 
difficulty  will  be  the  question  of  dealing  with  the  enormous 
pressures  of  the  roof  on  the  thick  seams  of  coal.  Mr.  Ward 
pointed  out  that  in  England  the  greatest  shaft  outputs 
were  won  from  thin  seams  at  great  depths.  This  is  so,  and 
it  is  no  accident  that  it  is  so.  At  a  depth  of  about  1,350 
feet  the  pressure  of  the  strata  overlying  a  coal  seam  just 
balances  the  crushing  strength  of  the  coal.  Below  this 
depth  crushing  takes  place,  not  necessarily  rapid,  but  as 
the  depth  increases  the  rapidity  of  crushing  also  increases. 
It  is  on  this  account  that  thin  seams  are  more  easy  to  work 
at  great  depths  than  thick  seams.  They  are  worked  by 
the  longwall  method,  and  the  crushing  of  the  coal  is  pre- 
vented by  the  rapid  advance  of  the  coal  face.     The  rapidity 
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of  advance  is  aided  by  the  use  of  mechanical  coal-cutters 
and  conveyors.  Coal  has  been  worked  in  England  to  a 
depth  of  3,300  feet,  and  at  depths  approaching  this  the 
importance  of  keeping  the  coal  face  on  the  move  is  marked. 
If  for  any  reason,  such  as  a  long  week-end,  the  advance 
of  the  face  is  retarded,  considerable  loss  is  caused  to  the 
colliery  in  the  increased  percentage  of  slack  when  work  is 
resumed.  Thick  coal  exists  in  England  at  great  depths, 
and  considerable  difficulties  are  being  experienced  in  the 
attempts  made  to  work  it.  Some  years  ago  I  visited  the 
workings  of  such  a  mine  in  the  Warwickshire  coalfield. 
The  seam  was  24  to  26  feet  thick,  and  the  depth  about 
1,800  feet.  The  working  was  retreating  longwall,  and  was 
most  carefully  laid  out  on  the  panel  system,  owing  to  the 
fear  of  gob-fires.  In  spite  of  these  precautions  the  pit  was 
lost  by  fire.  While  at  home  on  long  leave  I  made  some 
attempt  to  find  out  the  reason  why  the  panels  did  not  save 
the  mine  from  total  loss,  but  owing  to  the  reticence  of  the 
management  I  could  get  no  information.  I  therefore  drew 
my  own  conclusion  that,  as  the  depth  was  well  below  the 
critical  depth  of  1,350  feet,  the  barriers  after  standing 
some  time  were  crushed,  and  so  the  panels  were  rendered 
useless.  As  our  Indian  seams  are  liable  to  spontaneous 
combustion,  it  would  appear  that  if  shafts  of  2,000  or 
2,500  feet  are  contemplated,  the  physical  question  of  the 
behaviour  of  the  coal  under  great  pressure  should  be  seri- 
ously considered,  and  I  think  that  later  on  a  paper  from 
Mr.  Glen  George  or  some  other  gentleman  interested  in  the 
deep  sinkings  in  Bengal  dealing  with  the  observed  effect 
of  the  roof-weight  on  the  coal  would  throw  a  great  deal  of 
light  on  the  subject 

Mr.  F.  L.  G.  Simpson  : — I   should  like   to    make   one 
other  remark  which  has  been  suggested  to  me  by  one  of  the 
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speakers.  At  these  great  depths  it  is  quite  clear  that  the 
pillars  must  be  left  a  great  deal  larger  than  they  have  been 
left  at  smaller  depths.  That  would,  I  understand,  mean 
much  fewer  working  places  in  a  given  area,  and  I  would 
like  to  ask  Mr.  Glen  George  whether  he  has  considered  how 
many  working  places  he  would  get  at  1,000  acres  at  that 
depth  as  compared  with  the  number  of  working  places  he 
could  turn  out  at  500  feet. 

Mr.  Alec  P>.  Hughes  : — Bearing  on  the  question  of  the 
sizes  of  pillars  required  at  big  depths,  this  matter  has  been 
fully  enquired  into  in  the  New  South  Wales  coalfields, 
where  seams  of  similar  thickness  to  those  we  have  in  India 
are  worked.  The  New  South  Wales  Government  held  a 
Royal  Commission,  and  legislation  was  subsequently  made 
which  stipulated  the  sizes  of  pillars  which  had  to  be  left 
at  various  depths.  This  legislation  was  not  only  made 
from  the  point  of  view  of  safety  but  also  in  order  that  the 
maximum  quantity  of  coal  might  be  finally  recovered. 
Another  point  is  that  in  the  New  South  Wales  coalfield 
the  adoption  of  coal-cutting  machines  helps  considerably 
in  the  qnick  extraction  of  panels  of  coal  and  thus  reduces 
loss  through  crushing.  The  seams  are  also  often  worked 
in  webs  instead  of  the  full  thickness  of  the  seam  being 
worked  in  one  lift.  For  instance,  if  the  seam  is  30  feet 
thick  a  1 2- foot  portion  would  be  worked  first  and  the  roof 
allowed  to  come  in.  After  the  roof  has  settled,  another 
web  of  10  feet  or  12  feet  thick  would  be  worked  below,  and 
so  on.  In  this  system  it  is,  of  course,  necessary  to  leave  a 
small  amount  of  coal  as  a  roof  for  the  second  working. 
Perhaps  this  system  may  be  experimented  with  in  future 
in  some  of  our  thicker  seams  in  India. 

Mr.  H .  G.  Graves  .—I  think  everybody  has  appreciat- 
ed the  phrase  that    Mr.  Glen   George  used  in  the  paper 
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"  vertical  boiler  frame  of  mind.''  That  may  be  taken  in 
connection  with  his  other  remark  that  the  output  of  Indian 
labour  is  only  one- third  that  of  English  labour.  The  "ver- 
tical boiler  frame  of  mind  '  has  led  everybody  to  spend 
very  little  on  machinery  and  very  much  on  labour.  A  sample 
of  that  was  to  be  found  in  one  mica  mine  where  there  were 
three  men  extracting  mica  and  about  120  women  passing 
water  up  the  shaft  with  gharas.  The  usual  thing  is  to 
spend  money  on  labour  and  then  at  a  later  stage  to  adopt 
machinery  Throughout  India  labour-saving  appliances 
are  being  used.  When  more  is  spent  on  machinery,  less  is 
expended  on  labour,  and  economy  is  the  result.  As  an 
example,  look  at  the  mechanical  excavator  used  at  the 
Sara  bridge.  It  was  found  infinitely  .more  economical  to 
handle  the  spoil  and  make  the  bank  with  the  machine  than 
it  was  to  use  the  labour  of  men  and  women  carrying 
'  matti  '  on  their  heads.  Another  point  that  occurs  to  me 
as  one  of  the  future  things  to  be  done  is  to  teach  labourers 
how  to  use  tools.  I  know  the  good  old  tale  of  the  wheel- 
barrow that  the  coolies  would  carry  on  their  heads,  but  it 
is  the  employer's  task  to  see  that  labour  is  not  wasted  in 
this  way.  It  is  one  of  the  problems  of  the  future,  this 
necessity  for  labour  saving,  and  all  over  the  world  every 
superfluous  motion  which  wastes  time  and  labour  is  being 
studied  with  the  stop  watch.  We  have  not  seen  that  here 
on  any  scale  as  yet.  If  the  stop  watch  is  brought  into  use 
here  things  will  be  done  in  half  the  time  or  less,  or  more 
efficiently.  Of  course  it  is  not  only  time  that  has  to  be 
watched.  Attention  must  be  directed  to  the  efficiency  of 
the  appliances  in  the  hands  that  have  to  use  them.  You 
have  for  instance  to  proportion  the  size  of  the  shovel  so 
that  it  may  hold  just  sufficient  stuff  to  be  thrown  by 
the  man  to  the  required  distance.     That  is  the  sort  of  thing 
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that  is  being  worked  out  in  Europe  and  America,  and  as 
an  example  of  the  results  I  may  cite  the  oft-quoted  case 
of  the  men  loading  pig-iron  from  the  stockyard  into  rail- 
way trucks.  Their  rate  was  increased  from  i\  to  12J  tons 
per  man  per  shift  and  they  were  fresh  instead  of  tired  out 
after  their  spell  of  work.  This  so-called  "  motion  study  ': 
is  the  basis  of  a  good  deal  of  literature,  and  some  of  the 
books  might  be  purchased  for  our  Institute  library  just  to 
show  what  is  being  done. 

Mr.  W.  Beckett  : — In  making  my  observations  I  trust 
I  will  not  be  looked  upon  with  an}7  suspicion  because  the 
case  I  am  referring  to  is  not  in  the  British  Isles  but  in 
Germany.  In  the  Comphausen  colliery  in  Germany  I  saw 
them  working  thick  seams  more  highly  inclined  than  I  have 
seen  in  this  country.  I  was  inspecting  this  seam  and  I 
think  the  inclination  is  of  sufficient  grade  to  adopt  the 
same  system  here.  In  this  way  the  coal  is  extracted  in  a 
modified  S57stem  of  longwall  work.  The  bottom  portion  of 
the  seam  is  taken  out  8  feet  thick,  and  flushed  as  the  face 
progresses.  When  the  face  of  the  lower  portion  has  pro- 
ceeded some  distance  the  upper  coal  is  then  worked  on  the 
goaf  of  the  lower  portion  and  the  excavated  area  in  the 
upper  portion  is  in  its  turn  flushed.  The  whole  of  the  coal 
is  extracted  and  hydraulically  stowed,  and  in  that  particu- 
lar place  there  were  14  seams  extracted,  ranging  between 
15  metres  and  one  and  a  half  metres  thick.  There  is  no 
difficulty ,  where  you  have  plenty  of  inclination ,  why  thick 
seams  should  not  be  recovered.  It  practically  reduces  sub- 
sidence to  a  minimum  and  obviates  the  risk  of  spontaneous 
combustion. 

Mr.  C.  Habberjam  . — Mr.  George  has  presented  a  very 
important  view  of  a  national  problem.  He  has  dealt,  in  a 
very  lucid  manner,  with  the  sinking  of  deep  shafts  in  pro- 
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gressive  order,  but  the  whole  of  it  is  largely  a  prophecy 
— scientific  prophecy,  no  doubt  based  on  facts  in  present 
application,  but  a  prophecy. 

On  page  79  of  the  paper,  Mr.  George  makes  one  of  the 
most  important  assumptions  in  the  paper,  namely  that 
prices  in  the  next  ten  years  will  run  8  annas  per  ton  higher 
on  all  classes  of  coal  than  present  prices.  The  statement 
is  temperate  enough,  certainly  in  the  light  of  present  condi- 
tions, but  is  not  the  growth  of  industry  in  India  in  the 
next  ten  years  going  to  warrant  any  further  increase  than 
8  annas  per  ton  ? 

Again,  is  our  stock  outcrop  coal  output  likely  to  show 
any  signs  of  exhaustion  in  the  next  ten  years  ?  These  two 
questions  have  a  most  important  bearing  on  the  subject, 
and  resolve  themselves  into  a  question  of  supply  and  de- 
mand and  affect  the  whole  estimate. 

On  page  80  Mr.  George  says,  deep  sinkings  in  India  will 
not  present  extraordinary  difficulties.  Perhaps  in  this 
respect  he  may  be  right,  but  I  venture  to  point  out  that 
development  is  likely  to  provide  difficulties  which  will 
affect  the   rate  at  which  a  mine  can  be  opened  up,  name- 

ly- 

{a)  the  size  of  pillars  to  be  left,  which  will  restrict  the 
output  for  any  given  area  by  reason  of  the  increase  in  size 
and  a  consequent  reduction  in  the  number  of  working 
places  available ; 

(6)  in  deep  areas,  the  ventilation.  Greater  quantities 
of  gas  entailing  increased  cost  of  ventilating  machinery, 
supervision  of  distribution  of  air,  erection  of  stoppings, 
crossings,  etc.  The  importance  of  this  is  increased  when 
one  considers  that  pillar  and  stall  working  will  certainly  be 

1   Chap.  X,  p.  225,  Jevon's  British  Coal  Trade. 
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tried  in  this  country  in  the  deeper  mines  whilst  the  only 
standard  of  comparison  at  present  is  the  deep  mines  in  Eng- 
land where  longwall  is  favoured.  In  practice,  I  believe,  the 
"pillar  and  stall"  method  would  generally  require  more 
expense  in  ventilating  materials  than  "  longwall."  In 
the  next  ten  years  there  majr  be  efforts  to  make  the  pre- 
sent unprofitable  seams  profitable.  A  Royal  Commission 
in  England,  some  ten  years  ago,  stated  that  the  evidence 
shows  that  seams,  which  cannot  be  worked  at  a  profit,  will, 
in  future,  be  rendered  profitable  by  washing,  sorting,  coking 
and  briquetting  the  coal,  or  converting  it  into  gas,  and  that 
no  small  coal  need  be  left  in  the  mine.  It  has  been  proved 
that  large  quantities  of  the  best  Welsh  steam  coal  are  left 
underground  in  the  form  of  "  small  "  ,  solely  because,  under 
present  conditions,  it  does  not  pay  to  bring  it  out.  It 
appears  that  much  of  this  ''small",  although  it  is  fre- 
quently dirty,  is  of  similar  quality  to  that  now  made  into 
briquettes  in  South  Wales,  and  we  look  to  washing  and 
briquetting  as  one  of  the  available  methods  by  which  such 
coal  can  be  brought  out  and  sold  to  advantage. 

In  the  ten  years  which  have  elapsed  since  this  evi- 
dence was  given,  the  price  of  small  coal  has  risen.  It  is 
probably  now  the  right  time  to  investigate  the  figures 
given  for  the  annual  production  of  briquettes  in  Germany, 
that  nation  having  the  largest  output  of  briquettes  in  the 
world.  In  view  of  Mr.  George's  paper,  it  is  probably  time, 
at  least,  to  consider  the  economics  of  briquettes.  As  my 
experience  of  mining  in  India  is  limited,  having  only  been 
here  a  short  time,  you  will,  no  doubt,  forgive  me  if  experi- 
ments have  been  made  in  this  direction.  If  experiments 
have  been  made  and  have  failed,  it  is  to  be  regretted  that 
such  failures  could  not  be  published  in  detail  in  a  similar 
way  to  successful  experiments  in  other  branches. 
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Remarks  have  been  made  in  the  discussion  on  the  coal- 
cutting  capacity  of  the  miner  of  this  country  compared 
with  the  miner  of  the  West.  On  giving  a  thought  to  the 
matter,  perhaps,  we  may  hope  for  better  work  from  the 
Eastern  miner  of  the  future.  Suppose,  we  make  a  com- 
parison of  the  miner  of  each  country  considering  the  facts 
a  little  more  broadly. 

The  miner  in  the  West  was  in  the  beginning  an  agricul- 
turist. He  became  a  miner  but  was  still  an  agriculturist. 
I  may  be  asked  to  amplify  this  and  herewith  do  so  to 
curtail  discussion.  Coal  mining  had  commenced  in  Eng- 
land many  years  prior  to  the  great  rise  in  the  principal 
manufactures  in  England,  viz.  textiles,  steel,  machinery,  etc. 
and  there  was  little  else  than  agriculture  in  the  main  for 
the  population  to  do.  This  argument  could  be  carried,  of 
course,  much  further,  if  necessary.  The  miner  also  worked 
with  his  women-folk  and  children  underground.  He  did 
not  work  very  hard :  it  was  not  necessary.  These  facts 
closely  correspond  with  the  description  of  the  East- 
ern miner,  and  the  analogy  is  complete  if  one  takes  a 
British  miner  of  ioo  5^ears  ago  or  more  and  compares 
him  with  the  Eastern  miner.  In  short,  it  has  taken  the 
British  miner  150  years,  at  least,  to  attain  his  present  effi- 
ciency. 

That  discipline  of  a  more  rigid  order  is  necessary  and 
will  become  more  so  is  bej^ond  doubt,  but  it  must  come  in 
easy  stages  for  many  reasons. 

Sudden  changes  are  not  good  for  most  things,  and  to 
introduce  any  legislation  to  make  or  introduce  rigid  discip- 
line at  present  would  spell  disaster. 

The  Author  contributed  the  following  reply  to  the  dis- 
cussion in  writing  :  — 

Mr.  T.  H.  Ward's  criticisms  can  be  summarized  as — 
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(a)  That  the  pumping  equipment  proposed  is  extra- 
vagant. 

(6)  That  the  values  put  on  Jherriah  and  Disergarh 
coals  are  unfair. 

(c)  Terming  screening  plant  as  costly. 

(d)  Rate  of  amortization  as  3  %  is  too  low. 

(e)  Output  is  estimated  at  too  low  a  figure. 

(/)  The  method  of  treatment  of  the  question  of 
' '  minimum  areas. 

To  discuss  them  seriatim — 

In  regard  to  pumping  equipment  I  am  in  entire  agree- 
ment with  Mr.  Ward  as  to  the  advisability  of  winding  water 
when  possible.  But  from  experience  I  consider  that  the 
economical  limit  of  winding  water  is  reached  at  10,000 
gals,  per  hour  per  shaft  when  speedy  sinking  is  desired. 
The  estimates  given  in  my  paper  are  stated  to  be  for  20,000 
gals,  per  hour  per  shaft. 

Mr.  Ward,  in  quoting  his  experience  of  the  Jubilee 
shaft  at  Giridih,  does  not  state  the  speed  of  sinking. 

It  must  be  also  recollected  that  winding  water  from 
2,000  ft.  is  a  different  matter  to  winding  it  from  1,000  ft. 

But  at  any  depth  I  would  endeavour  to  wind  water 
up  to  10,000  gals,  per  hour  per  shaft  by  fitting  two  engines 
to  each  pit,  but,  at  quantities  above  that,  would  pump 
electrically. 

In  regard  to  the  estimates  for  pumping,  Mr.  Ward  and 
Mr.  Tarlton  seem  to  have  omitted  to  note  a  remark  in  my 
paper  referring  to  the  total  capital  expenditure — "  If  little 
water  is  met  with,  10  %  can  be  deducted."  This,  in  a  shaft 
2,000  ft.  deep,  means  nearly  z\  lakhs  and  covers  the  pos- 
sible credit  obtained  from  the  sale  of  the  electric  pumps,  if 
unused.  If  extensively  used,  the  sum  likely  to  be  realized 
is  so  doubtful  that  I  have  omitted  its  consideration. 
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But  Mr.  Ward's  differences  with  me  on  this  point 
seems  to  be  that  I  take  into  consideration  the  possibility 
of  heavy  water  (which,  I  am  sure  all  Engineers  will  agree, 
is  by  no  means  a  remote  contingency) ,  while  he  would  not 
provide  estimates  o~  plant  for  dealing  with  more  than  a 
moderate  quantity,  i.e.  that  which  can  be  wound. 

If  only  moderate  water  is  met  with,  Mr.  Ward's  policy 
is  admirable,  and  mine  is  extravagant.  But  if  Mr.  Ward 
meets  with  more  than  he  can  wind,  what  happens  if  the 
shafts  are  to  be  2,000  ft.  deep  and  he  is  down  1,800  ft. 

Putting  anything  but  electric  pumps  in  a  deep  sinking 
to-day  is  unthinkable.  Obtaining  the  necessary  electric 
sinking  plant  from  England  will  probably  take  6  to  12 
months,  during  which  time  sinking  might  be  suspended. 
Such  a  delay  will  cost  the  shareholders,  in  loss  of  interest, 
one  to  two  lakhs,  and,  in  establishment  and  other  costs, 
Rs.  20,000  to  Rs.  40,000.  When  so  large  a  capital  sum 
is  enbanked  in  a  sinking,  I  am  still  of  the  opinion  that  it 
is  strongly  in  the  shareholders'  interests  to  provide  for  the 
contingency  of  heavy  water,  even  at  the  risk  of  erring  on 
the  side  of  overequipment. 

As  regards  the  relative  value  of  Jherriah  and  Disher- 
garh  coals,  I  would  point  out  that  the  users  have  fixed 
that,  I  have  not.  The  figures  quoted  by  me  are  the  ones 
ruling. 

When  I  referred  to  screening  plant  as  being  costly,  I 
meant  capital  cost,  not  running  cost. 

I  am  inclined  to  agree  with  Mr.  Ward  that  the  rate  of 
amortization  is  too  low  at  3  %,  but  at  the  time  I  wrote  it 
was  a  fair  figure — 4  %  would  probably  a  be  more  correct 
figure  now. 

As  regards  the  output,  I  agree  with  Mr.  Ward  that  the 
decision  as  to  the  financial  practicability  of  deep  shafts 
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hinges  largely  on  it,  and  that,  if  larger  outputs  can  be 
obtained  than  the  figures  I  give,  the  conclusion  I  came  to 
are  erroneous.  But  with  the  utmost  deference  to  Mr. 
Ward's  opinion  and  experience.  I  would  say  I  based  my 
figures  on  a  knowledge  of  what  is  being  done  at  present 
in  deep  shafts  in  Bengal  outside  Giridih,  and  on  an  infer- 
ence from  that. 

I  see  no  probability  of  outputs  from  deep  shafts  ex- 
ceeding the  figures  I  gave  in  my  paper. 

As  regards  the  treatment  of  "  minimum  areas'  I 
agree  with  Mr.  Ward  that,  in  the  exact  solution,  the  dif- 
ference in  yield  of  seams  of  varying  thickness  should  be 
taken  into  consideration  ;  but,  I  think,  the  method  adopted 
by  me  gives  results  sufficiently  correct  to  be  a  guide  to 
capitalists. 

Mr.  Ironside  dealt  with  a  point  of  great  interest  when 
he  complained  that  his  jute  mills  would  not  burn  the  re- 
jected coal  pickings  which  his  collieries  would 

I  think  the  explanation  would  be  that  the  jute  mills 
could  not  afford  to  do  so,  as  they  paid  freight  on  it,  while 
the  collieries  could  afford  as  they  paid  no  freight  on  it. 

Assuming  the  rejected  coal  contained  33  %  ash  and 
cost  the  Mills  Re.  1-8  per  ton  at  the  pit-head  against 
Rs.  3-8  per  ton  for  a  coal  containing  11%  ash,  and  that 
freight  and  handling  charges  are  Rs.  3  per  ton  to  the  mills 
in  Calcutta,  the  useful  part  of  the  coal  is  costing  the  mill 
Rs.  7-5  per  ton  in  the  case  of  the  good  coal,  and  Rs.  6-12 
per  ton  in  the  case  of  the  bad.  This  difference  in  price 
will  never  make  up  for  the  disadvantages  of  the  poorer 
steaming  powers  necessitating  larger  grate  areas  and  of  the 
extra  ash  to  be  handled. 

I  have  already  dealt  with  Mr.  E.  S.  Tarlton's  remarks 
in  regard  to  credit  for  the  price  of  plant  when  sold. 


128       TRANS.   MINING   &   GEOL.    INST.    OF   INDIA.     [Vol.  XI, 

I  would  estimate  that  a  2,000  ft.  shaft  should  be  pre- 
pared to  work  at  least  a  mile  on  either  side  of  the  shaft 
and,  of  course,  the  deeper  the  shaft  the  bigger  the  area  it 
must  be  prepared  to  work. 

I  think  Mr.  Roberton  is  unduly  nervous  as  regards 
the  crushing  strength,  and,  although  the  depth  of  1,350  ft., 
which  he  mentions  as  the  critical  pressure,  has  not  been 
reached,  the  workings  of  which  I  have  had  experience  at 
a  depth  of  1,100  ft.,  show  no  great  signs  of  crushing  with 
pillars  60  to  70  ft.  square,  and,  I  think,  that  by  leaving 
larger  pillars  at  greater  depths  the  difficulty  to  which  Mr. 
Roberton  draws  attention  would  be  obviated. 

Mr.  L,ee,  when  stating  that  the  arrears  of  dividends  in 
the  case  of  2,500  ft.  shafts  were  23  lakhs  before  the  col- 
liery began  to  pay,  assumed  that  all  the  capital  was  called 
up  at  the  commencement  of  the  enterprise  whereas  the 
paper  states  that  it  was  to  be  called  up  gradually. 

Mr.  TJios.  H.  Ward  writes  :  — 

Mr.  George  has  met  my  contention  that  up  to,  say, 
20,000  gals,  an  hour  the  water  should  be  dealt  with  by 
barrelling  it,  by  stating  that  that  was  what  he  proposed  to 
do  and  that  the  provision  of  electric  pumps  he  has  made 
in  his  estimates  was  to  provide  against  an  influx  of  twice 
this  quantity,  viz.  40,000  gals,  an  hour.  It  is  certainty 
impossible  to  discover  that  that  is  so  from  anything  in  the 
paper,  where  it  is  distinctly  laid  down  that  20,000  gals, 
is  regarded  as  a  maximum  and  that  this  quantity  only  is 
expected  in  the  Jharia  field.  From  the  paper  I  gathered 
that  shafts  exceeding  400  feet  in  depth  must  be  fitted  with 
electric  pumps.  Now  we  know  what  Mr.  George  really 
means — at  least  I  must  assume  that  we  do — we  find  that 
he  has  made  provision  in  the  case  of  shafts  to  be  sunk  in 
the  Raniganj  field  for  double  the  quantity  of  water  which 
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may  be  expected  as  a  maximum  in  sinking  in  the  Jharia 
field.  It  is  a  little  difficult  to  follow  such  a  train  of  reason- 
ing but  I  myself  am  in  no  doubt,  now,  that  the  estimates 
should  be  seriously  modified  in  this  respect.  Considering 
the  proposal  from  the  point  of  view  of  a  proposition  to 
sink  a  pair  of  pits  only,  the  factor  arbitrarily  chosen  is 
unreasonable.  That  is  so  because  the  pumps  are  unlikely 
to  be  required  especially  in  the  Raniganj  district.  The 
enterprise  is  to  be  saddled  with  the  cost  of  this  plant,  no 
credit  at  the  end  of  the  operations  being  taken  for  the 
then  value,  used  or  unused.  Of  course  it  is  open  for  Mr. 
George  to  say  that  he  is  the  manager  of  a  very  large  enter- 
prise and  that  use  can  always  be  made  of  such  plant.  This 
does  not  affect  my  argument  adversely  but  its  adoption 
would  emphasize  the  correctness  of  my  contention,  that 
credit  should  be  given  for  the  value  of  the  plant .  at  the 
close  of  the  operations. 

Mr.  George's  remarks  in  reply  to  my  statement,  that 
the  two  central  pits  in  the  E.I.R.  collieries  raised  554,000 
tons  in  the  twelve  months  ending  51st  of  March  last,  showed 
that  he  was  of  opinion  that  such  a  feat  was  impossible  out- 
side the  E.I.R.  collieries.  He  generously  remarked  on  the 
competence  of  the  management  of  those  collieries  ten  years 
ago,  but  I  do  not  suppose  he  meant  us  to  infer  that  he  was 
assuming  incompetent  management  in  estimating  the  cost 
of  deep  pits.  I  was  surprised  at  the  reception  my  remarks 
on  this  instance  of  output,  and  also  my  remarks  on  the 
larger  number  of  underground  hands  in  India,  met  with. 
I  conclude  that  my  point  was  to  some  extent  misappre- 
hended. I  should  therefore  like  to  pursue  these  matters  at 
greater  length. 

In  considering  the  output  from  the  central  pits  it  has 
to  be  remembered  that  the  miners  and  underground  work- 
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ers  (women)  all  gained  access  to  the  mine  by  the  pits  in 
question.  Some  2,500  people  at  least  were  lowered  and 
raised  daily.  At  12  a  time  this  would  have  meant  416 
trips  against  empty  cages — or  a  loss  of  outputting  power 
of  800  cage  loads,  to  say  nothing  of  the  slower  speed  at 
which  the  trips  are  made.  In  coming  up,  as  we  all  know, 
it  is  not  possible  always  to  run  full  complements  of  men. 
The  Indian  miner  does  not  like  to  wait  indefinitely  for  his 
chance  and  a  good  many  runs  are,  no  doubt,  made  every 
24  hours  with  short  loads.  I  have  already  pointed  out  that 
the  larger  number  due  to  the  methods  adopted  in  India  in 
laying  out  underground  work-methods  would  not  be  eco- 
nomical in  Uurope  but  are,  within  certain  limits,  economi- 
cal here  It  has  therefore  to  be  accepted  that  three  times 
the  number  of  workers  will  be  required  here,  and  I  ask  : 
is  it  no.t  incumbent  on  the  mine  manager  to  adopt  suitable 
measures  to  meet  this  position  ? 

In  looking  at  the  question  from  this  point  of  view  we 
may  also  consider  whether  it  is  possible  to  meet  the  Indian 
miner's  idiosyncrasies  in  other  ways.  He  does  not  readily 
fall  in,  for  instance,  with  strictly  fixed  hours  for  starting 
and  knocking  off  work.  There  is  much  to  be  said  for  his 
point  of  view.  He  often  comes  long  distances  to  work. 
When  I  first  came  to  India  it  was  a  common  practice  for 
men  to  stay  underground  for  24  hours.  They  worked  and 
slept  as  suited  them.  The  reason  was  that  their  homes 
were  so  far  off  that  the  number  of  trips  there  and  back  had 
to  be  a  minimum.  They  stayed  at  home  also  24  hours. 
We  found  these  hands  so  valuable  that  no  one  thought  of 
objecting.  I  heard  with  astonishment  Mr.  Elphinstone's 
remarks  about  getting  Government  to  legislate,  compelling 
all  miners  to  keep  fixed  hours.  We  have  all  heard  of  legis- 
lation to  regulate  the  hours  of  labourers — meaning  always 
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the  shortening  of  those  hours.  Mr.  Elphinstone's  proposal 
is,  I  think,  entirely  novel.  It  seems  to  me  to  savour  of 
slave-driving.  It  is  certainly  reactionary.  At  any  rate 
my  long  experience  of  the  Indian  miner  and  of  the  condi- 
tions under  which  he  exists,  impel  me  to  advise  you  that 
such  a  regulation  would  not  have  the  effect  Mr.  Elphin- 
stone  pictures.  In  my  humble  opinion,  the  first  and  chief 
effect  such  a  regulation  would  have,  supposing,  for  the 
sake  of  argument,  that  means  for  enforcing  it  were  success- 
fully devised,  would  be  to  stop  additions  to  the  ranks  of 
miners.  It  would  have  the  disastrous  consequence  that 
there  would  be  no  further  increase  in  the  output  of  coal . 
Moreover,  many  now  following  the  avocation  would  desert. 
I  presume  that  Mr.  Elphinstone  does  not  intend  to  ask  for 
legislation  to  compel  a  miner  to  be  a  miner,  and  I  take  it 
that  we  are  all  agreed  that  the  employment  of  mining  must 
be  made  as  attractive  as  possible.  Mr.  Elphinstone  will 
therefore  find  few  followers.  But  I  should  like  to  ask 
Mr.  Elphinstone  why,  if  it  is  so  desirable,  from  the  mana- 
ger's point  of  view,  that  miners  should  keep  regular  hours, 
he  does  not  try  to  effect  that  object  by  a  combination  be- 
tween mine  managers  ?  It  does  not  need  much  discernment 
to  see  that  Mr.  Elphinstone  wants  to  compel  the  mine 
manager  as  much  as  the  miner.  He  distrusts  mine  mana- 
gers. But  a  moment's  reflection  will  show  that  it  will  be  im- 
possible to  enforce  such  a  regulation  Who  is  to  act  against 
a  manager  who  thinks  his  mine  will  be  more  popular  with 
the  labour  if  the  regulation  is  ignored  ?  Will  a  manager 
who  is  of  this  way  of  thinking  prosecute  his  men  for  not 
coming  up  to  time  ?  In  fact,  unless  the  Government  place 
all  the  pit  banks  in  charge  of  the  police  such  a  regulation 
cannot  be  enforced.  I  am  sure  that  Mr.  Elphinstone  would 
find,  if  such  a  law  were  enacted,  that  he  would   have  to 
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rely  on  a  combination  of  mine  managers  to  carry  it  out, 
so  that,  if  managers  will  not  combine  to  put  such  a  regu- 
lation in  force  it  is  useless  to  look  to  legislation  for  a 
remedy . 

Another  idiosyncrasy  of  the  Indian  miner  which  it  is 
desirable,  in  the  endeavour  to  make  the  occupation  popu- 
lar, to  meet,  if  possible,  is  that  he  likes  to  knock  off  at  any 
time  which  suits  him.  He  dislikes  the  feeling  of  being  a 
prisoner.  That  is  why,  years  ago,  mines  to  which  access 
was  gained  b}r  an  incline  were  more  popular.  I  may  re- 
mark here  that  the  tendency  as  mines  get  deeper  will  be  to 
bring  about  a  reduction  in  the  ratio  of  women  workers. 
In  my  experience  I  have  already  found  this  to  be  so.  This 
change  will  come  about  quite  naturally  and  is  a  condition 
which  mine  managers  will  have  to  meet.  They  will  cer- 
tainly welcome  the  change. 

The  difficulty  of  lowering  and  raising  the  workers  has 
been  met  in  England  by  increasing  the  number  travelling 
in  a  cage.  The  late  Mr.  W.  H.  Pickering  was  a  pioneer  in 
this  matter  in  Yorkshire  where  it  is  common  practice  to 
put  48  men,  16  on  each  deck,  in  a  cage.  Arrangements 
are  made  so  that  the  passengers  walk  on  and  off  each  deck 
at  the  same  time  saving  much  time.  That  plan  can  be 
adopted  here.  It  does  not,  of  course,  meet  all  desirable 
conditions  referred  to. 

When  I  visited  the  Chesterton  colliery — in  the  remarks 
I  made  on  the  24th  of  July  I  referred  to  this  colliery  as 
turning  out  3,000  tons  a  day  of  8  hours — the  output  was 
got  entirely  from  the  upcast  pit.  All  other  traffic,  workers, 
timber,  material,  etc.,  were  sent  down  the  downcast  pit. 
As  all  that  is  required  is  to  raise  300,000  tons  a  year  from 
the  deep  pits  contemplated,  there  is  no  reason  why  this  plan 
should  not  be  adopted.     It  will  meet  all  the  desirable  con- 
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ditions.  I  may  add  that,  at  the  time  of  my  visit  to  Ches- 
terton, the  upcast  was  being  fitted  to  raise  coal  because  it 
was  desired  to  increase  the  output  of  3,000  tons  a  day. 

In  this  connection  (output  from  a  single  shaft)  I  may 
mention  that  each  of  the  two  central  pits  frequently  raises  a 
good  deal  over  1,000  tons  in  24  hours,  lowering  and  raising 
all  the  workers  as  well. 

In  reference  to  Mr.  Roberton's  remarks  it  should  be 
pointed  out  that  all  the  coal  from  the  deep  mines  is  not 
raised  from  thin  seams.  The  reason  more  is  not  raised 
from  thick  seams  is  due  to  the  unfortunate  fact  that  thick 
seams  are  rare.  There  is  no  difficulty  in  getting  the  coal, 
which  comes  out  in  excellent  condition.  At  Hampstead 
colliery,  near  Birmingham,  the  "  10-yard  "  coal  is  being 
worked  at  a  depth  of  650  yards.  The  method  employed  is 
a  modification  of  the  oldest  method  of  winning  the  South 
Staffordshire  thick  coal.  It  is  sufficient  to  state  here  that 
this  means  that  the  coal  is  worked  in  one  lift, — i.e.  the  whole 
thickness  is  worked  off.  This  seam  is  also  being  worked  at 
Sandwell  Park  collieries  under  a  depth  of  over  500  yards. 

Mr.  Graves,  in  advocating  the  unlimited  introduction 
of  clocks— most  expensive  articles,  by  the  by,  and  quite 
unsuitable  to  the  atmosphere  of  a  mine — was  evidently 
under  the  impression  that  all  underground  labour  is  paid 
by  the  day.  If  that  were  so,  even  clocks  would  not  save 
us,  for  I  never  heard  of  a  clock  which  would  record  how 
man}-  tubs  a  man  has  filled  or  what  "  stint  "  he  had  done 
in  the  holing. 

The  meeting  then  closed  and  members  adjourned  to 
lunch  in  the  rooms  of  the  Railway  Institute. 

The  following  speeches  were  made  after  lunch  :  — 
President : — Gentlemen,  since  the   early  da3^s  of  the 
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war  we  have  all  been  agreed  that  the  present  is  no  time 
for  public  dinners  and  festivities ;  and  consequently  we 
have  suspended  our  annual  dinner  till  after  the  war.  To 
some  extent  we  have  lost  thereby  ;  for  our  annual  dinners 
were  not  merely  social  entertainments  but  were  the  means 
of  keeping  us  in  touch  with  those  who  make  and  adminis- 
ter the  laws  and  regulations  governing  the  industries  with 
which  our  Institute  is  more  immediately  concerned.  At 
those  dinners  we  were  fortunate  enough  to  have  the 
privilege  of  entertaining  members  of  the  Viceroy's  Coun- 
cil, Lieut.-Governors  and  even  Viceroys  themselves,  and 
we  did  our  best  to  minister  both  to  thair  material  and 
their  spiritual  needs  and  to  ply  them  not  with  only  food 
and  drink  but  also  with  that  still  more  valuable  stimulant, 
good  advice.  For  the  past  two  years  opportunities  of  this 
sort  have  been  wanting,  and  it  is  with  great  satisfaction 
that  we  welcome  at  our  meeting  to-day  Sir  George  Barnes 
and  Mr.  Low.  They  have  not  come  to  us  as  guests  at  a 
social  function  but  have  come  as  members  of  the  Institute 
to  one  of  our  ordinar}*  meetings.  I  think  this  is  only  the 
second  occasion  on  which  the  member  of  the  Viceroy's 
Council  for  Commerce  and  Industry  has  attended  one  of 
our  ordinary  meetings,  and  we  are  very  grateful  to  Sir 
George  Barnes  for  making  a  point  of  attending  this  meet- 
ing during  his  first  tour  in  India,  and,  I  think  I  am 
right  in  saying,  at  some  personal  inconvenience,  thereby 
showing  the  interest  and  sympathy  that  he  feels  towards 
the  Institute  and  its  objects.  He  has  joined  us  not  in  our 
playtime  but  in  our  work,  and  I  hope  he  will  feel  that  his 
time  has  not  been  thrown  away  and  that  his  interest  in  us 
is  not  altogether  undeserved. 

Another  notable  feature  of  our  meeting  to-day  is  the 
presence   amongst   us  of   one  of  our   oldest  members,  in 
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fact  one  of  the  founders  of  the  Institute.  It  is  just  ioi 
years  since  the  Institute  was  inaugurated,  in  1906,  by  Sir 
Thomas  Holland  and  the  late  Mr.  Pickering.  Sir  Thomas 
Holland  was  our  first  President.  Since  then  he  has  been 
called  away  to  higher  spheres  and  to  other  avocations, 
and  from  being  President  of  the  Mining  and  Geological 
Institute  he  has  now  become  that  of  the  Institute  of  Mining 
Engineers;  but  he  still  remains  our  firm  friend,  and  I 
am  sure  that  I  echo  the  sentiments  of  every  member  of  the 
Institute  when  I  offer  him  a  very  hearty  welcome  back 
among  us.  Our  only  regret  is  that  he  will  be  such  an  ex. 
tremely  busy  man  that  it  is  hardly  likely  that  we  shall  see 
him  at  all  the  meetings  that  we  hold  during  his  stay  in 
India. 

Hon.  Sir  George  Barnes  .—Mr.  Hayden  and  fellow  mem- 
bers of  the  Institute, — -I  am  glad  to  think  that  Mr.  Hayden 
acknowledged  me  as  a  member  of  the  Institute  when  he  ad- 
dressed these  few  words  to  you  just  now.  I  am  extremely 
glad  to  be  here,  and  extremely  glad  to  meet  you  :  really 
it  is  by  an  accident  that  I  am  here.  I  wanted  to  under- 
stand the  traffic  problems  relating  to  coal.  I  wanted  to 
understand  the  problems  relating  to  the  right  of  support 
of  structures  on  the  surface,  and  I  felt  I  could  not  under- 
stand those  problems  without  seeing  them  on  the  spot  and 
I  took  this  opportunity  to  attend.  When  I  had  made  my 
plan  I  suddenly  heard  that  the  Institute  was  going  to  hold 
its  meeting  at  Asansol.  I  felt  it  was  not  due  to  an  acci- 
dent, and  so  I  came  here.  I  need  not  tell  you  how  very 
glad  I  am  that  I  did  come — not  only  to  see  the  coal-fields, 
but  the  men ;  and  during  the  last  three  days  I  feel  that  I 
have  seen  a  good  deal.  I  have  seen  what  your  collieries 
are  doing,  and  this  morning  I  have  seen  the  Works  of  the 
Bengal    Iron  and  Steel  Co.,  and  I  was  really  startled  at 
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what  I  saw.  I  had  no  idea  that  India  was  using  the  stored- 
up  experience  of  England.  I  was  very  happy  to  see  it,  and 
I  congratulate  you  all  on  what  I  have  seen.  I  thank  you 
very  much. 

Sir  Thomas  Holland  expressed  his  pleasure  at  meeting 
so  many  old  friends  and  his  gratification  in  noticing  the 
extraordinary  change  that  has  occurred  in  the  industrial 
character  of  the  district.  The  installation  of  engineering 
works  on  the  coalfields  like  those  of  Kumardhubi,  the 
extension  of  the  Kulti  Iron  works  and  the  successful 
manufacture  of  first  class  steel  by  the  Tata  Company  had 
made  the  coal-mining  industry  more  completely  self-con- 
tained by  being  independent  of  imported  materials  and 
imported  articles  of  manufacture.  Soon  after  the  successful 
financial  flotation  of  the  Tata  Steel  Company,  Calcutta 
commercial  people  frequently  remarked  that  the  project 
was  fifty  3'ears  ahead  of  its  time,  but  the  last  two  years 
showed  that  it  was  not  five  minutes  too  early.  But  for 
these  works  Calcutta  engineering  firms  have  been  partly 
closed  down  by  the  war,  but  instead  they  have  now  con- 
tributed a  valuable  addition  to  war  munitions  for  the  bene- 
fit of  the  Empire  and  their  own  profit.  But  it  was  not  the 
financial  success  of  this  enterprise  that  concerned  one  so 
much  as  the  demonstration  it  afforded  of  the  kind  and 
quality  of  work  that  could  be  done  by  the  Indian  labourers 
if  they  were  properly  organized  and  if  they  were  taught 
enough  to  escape  the  disturbing  influences  of  what  was 
temporarily  passing  in  India  under  the  name  of  higher 
education.  His  mission  on  that  occasion  brought  him  very 
little  into  direct  contact  with  the  community  represented 
by  the  Institute.  The  coal-mining  industry  was  too  healthy 
to  require  the  attention  of  economic  doctors. 
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Sir  Thomas  Holland  then  referred  to  the  relationship 
of  the  Mining  and  Geological  Institute  of  India  to  the 
Institution  of  Mining  Engineers  of  Great  Britain,  of  which 
he  is  President.  He  pointed  out  that  the  Institution  is 
the  result  of  the  federation  of  seven  Institutes  and  he 
suggested  that  this  Institute  might  reasonably  apply  for 
similar  federation  which  would  result  in  the  extension  of 
the  standard  of  professional  competence  now  recognized  at 
Home  for  the  mining  engineer.  He  considered  that  the 
meeting  just  held  showed  this  Institute  to  be  on  a  level 
with  the  best  constituents  of  the  British  federation. 

The  Hon.  Mr.  C.  E .  Low  then  thanked  the  President 
for  his  reference  to  him,  and  the  proceedings  then  closed. 
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Jharia  Meeting. 

Meld  on   Monday,   the  28th  August,   1916. 

The  Fourth  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Jharia 
Club,  on  Monday,  the  28th  August,  1916,  at  10  a.m. 

Present : — Dr.  H.  H.  Hayden.  President  (iu  the  Chair),  Messrs. 
G.  F.  Adams,  C.  T.  Ambler,  R.  Barrowman,  R.  G.  M.  Bathgate,  W. 
Beckett.  H.  M.  Bull,  G.  Castles,  H.  Cooper,  C.  A.  Crofton,  G.  de  P 
Cotter,  Dr.  L.  L.  Fermor,  Messrs.  W.  Howarth.  J.  S.  Kean,  S.  Kirk.  H. 
Lancaster,  G.  C.  Lathbury,  J.  Mackie.  J.  G.  Maughan,  G.  Miller,  T.  C 
Murray.  N.  X.  Mukherjee,  G.  Naysmith,  J.  A.  Oliver,  R.  Purdy,  Thos. 
Samson,  S.  X.  Sarcar,  R.  R.  Simpson  B.  Starks  Field,  H.  M.  Tarlton, 
Thos.  Walsh,  J.  B.  Wardlaw,  and  G.  C.  Webster. 

Visitors  : — Messrs.  W.  L.  Carey,  D.  C.  Davies,  E.  D.  James,  and 
j.  Y.  Maughan. 

The  minutes  of  the  Third  Ordinary  General  Meeting, 
held  on  the  24th  July,  1916,  were  read  and  confirmed. 

Reports  of  the  progress  of  the  large-scale  map  of  the 
Jharia  coal-field  were  made  by  members  of  the  Map  Com- 


140       TRANS.    MINING    &    GEOL.    INST.    OF   INDIA.     [Vol.  XI, 

mittee,  who  gave  detailed  description  of  the  areas  with 
which  each  had  been  immediately  concerned. 

The  discussion  of  Mr.  George's  paper  on  "Develop- 
ment of  Deep  Coal  Areas  in  Bengal"  was  resumed.  Mr. 
Thos.  H  Ward's  written  contribution  was  read  and  further 
discussion  postponed. 

Map  of  the  Jharia  Coal-field. 

Mr.  R.  R.  Simpson  remarked  that  that  area  of  the 
Barakar  measures  which  lies  between  the  Katri  and  Jamuni 
rivers  was  of  small  economic  importance.  West  of  Tettu- 
riya  there  was  at  the  time  at  which  he  spoke  only  one 
colliery  raising  more  than  2,000  tons  per  month.  The 
majority  of  the  mines  had  been  shut  down  until  such  time 
as  the  coal  market  improved. 

Three  sections  were  submitted.     These  were: — 

A.  Jamuni  River, 

B.  Sinidih, 

C.  Choitodih-Bhatmurna. 

The  best  exposures  were  to  be  seen  in  the  neighbour- 
hood of  the  Jamuni  river. 

He  further  remarked  that,  as  in  most  other  parts  of 
the  field,  the  dip  of  the  rocks  increased  from  the  margin  of 
the  field  towards  its  centre. 

The  principal  faults  were  in  the  strike  direction.  The 
fault  which  ran  from  Mulkera  through  Sinidih  created  a 
marked  disturbance  of  the  coal  seams,  the  strike  line  being 
bent  through  an  angle  of  900.  A  similar  fault  on  the  Ja- 
muni river  had  tilted  the  strata  almost  on  edge  and  so 
depressed  the  ironstone  shale  outcrops  that  their  apparent 
thickness  was  considerably  reduced. 

The  principal  dykes  ran  parallel  to  the  dip  and  passed 
through  Moheshpur  and   Phularitand  where  their   effects 
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were  most  marked.  There  were,  however,  numerous  lat- 
eral flows  which  had  destroyed  vast  quantities  of  coal. 
From  the  Katri  river  westward  there  was  a  rapid  deterio- 
ration in  the  quality  of  the  coal  seams.  The  splitting  up  of 
No.  15  seam,  which  commenced  at  Loyabad,  became  more 
marked  until  at  Sinidih  the  seam  consisted  of  two  layers 
each  about  4  feet  thick  separated  by  9  feet  of  strata. 
Some  of  the  best  coal  within  the  area  was  found  in  Dharma- 
band  where  No.  17  seam,  3 '-8"  in  thickness,  was  being 
worked  to  some  considerable  extent.  This  appeared  to  be 
merely  a  local  enrichment.  The  100-ft.  seam  at  Matigara 
near  the  Jamuni  river  was  largely  composed  of  carbona- 
ceous shale  but  there  was  one  10- foot  section  in  it  of  fair 
quality. 

Mr.  H.  M.  Bull  exhibited  a  map  which  gave  the  geo- 
logical features,  viz.  the  seams  of  coal  and  faults  proved  in 
the  properties  of  Bansjora,  Sendra,  Loyabad,  Ekra  and 
Kankani.  The  seams  of  coal  found  in  these  properties 
numbered  from  7  to  16.  The  only  fault  of  any  magnitude 
was  one  running  east  and  west  through  Ekra,  Loyabad, 
Kankani  and  Sendra ;  it  had  a  throw  of  about  400  feet  in 
Ekra  and  increased  to  the  west,  in  Sendra  to  660  feet. 
This  fault  had  affected  13,  14  and  15  seams,  inasmuch  as 
in  Ekra  the  outcrops  of  13  and  14  seams  were  found  both 
to  the  north  and  south  of  the  fault  and  similarly  in  Loya- 
bad, Kankani  and  Sendra  the  outcrop  of  15  seam.  The 
smaller  faults  to  the  north  and  south  of  the  large  fault  do 
not  disturb  the  seams  of  coal  to  any  great  extent  and  he 
further  remarked  that  the  faults  in  this  neighbourhood  did 
not  offer  any  serious  difficulties  to  the  successful  working 
of  the  coal  seams  in  the  properties  under  review. 

Dr.  L.  L.  Fermor,  in  commenting  upon  the  map  of  the 
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western  end  of  the  Jharia  coalfield  and  the  accompanying 
section  exhibited  by  Mr.  Simpson,  pointed  out  that  this 
section  held  out  the  possibility  of  correlating  the  coal  seams 
of  the  Jharia  field  with  those  of  Bokaro.  For  the  ve^ 
thick  seam  occurring  near  the  base  of  the  Barakars  in  the 
Jamuni  river  section  seems  obviously  to  correspond  with  a 
ttiick  seam  (the  Karo  seam)  occurring  near  the  base  of  the 
Barakars  in  the  Bokaro  field.  If  this  correlation  can  be 
confirmed  by  comparison  of  the  overlying  and  underlying 
rocks  associated  with  these  coal  seams,  then  it  appears 
likely  that  the  Kargali  seam  in  the  Bokaro  field  which  is 
now  being  worked  at  the  East  Indian  Railway  and  Bengal 
Nagpur  Railway  Joint  Colliery  at  Bermo,  is  equivalent  of 
seam  No.  S  or  thereabouts  of  the  Jharia  field.  As  the  Bara- 
kar  rocks  overlying  the  Kargali  seam  of  the  Bokaro  field 
are  very  characteristic  it  should  be  easy,  after  a  visit  to  the 
Jharia  field,  to  ascertain  whether  or  not  one  of  the  seams 
-,  8  or  q  is  the  equivalent  of  the  Kargali  seam. 


Asansol  Meeting. 

Held  on   Monday,   the  20th   November,    1916. 

The  Fifth  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Railway 
Institute,  Asansol,  on  Monday,  the  20th  November,  1916, 
at  10-30  a.m. 

Present  : — Dr.  H.  H.  Hayden,  President  (in  the  Chair),  Messrs. 
G.  F.  Adams,  W.  Beckett.  E.  S.  Bennertz,  D.  Blair,  H.  Cooper,  G.  de 
P.  Cotter,  A.  T.  Creet,  C.  A.  Crofton,  W.  S.  Elphinstone,  J.  Henry 
Evans,  W.  Forster,  Glen  George,  B.  Heaton,  R.  Heron,  G.  C.  Lathbury. 
C.  H.  McCale,  R.  Purdy,  H.  C.  Read,  E.  H.  Roberton,  Thos.  Samson. 
W.  Simmons,  B.  Starks  Field,  T.  F.  Steele.  H.  M.  Tarlton,  J.  J.  Turn- 
bull  and  G.  C.  Webster. 

The  minutes  of  the  last  Ordinary  General  Meeting  were 
read  and  confirmed. 

The  following  papers  were  read  and  partially  dis- 
cussed : — 

(a)  Cementation  Process  of  Shaft  Sinking.     By  E.  H.  Roberton. 

(b)  Report  on  Mining  Education  in  England  with  special  refer- 

ence to  India.     By  G.  F.  Adams.  E.  H.  Roberton  and 
Glen  George. 


The  Cementation  Process  of  Shaft 
Sinking. 

BY 

E.  H.   Roberton. 

(With  3  Plates.) 

The  principle  of  running  or  forcing  cement  into  the 
ground  for  the  purpose  of  solidifying  the  strata  or  stopping 
up  fissures  is  by  no  means  new.  For  many  years  it  has 
been  practised  by  civil  engineers  in  the  construction  and 
repairing  of  dams,  reservoirs,  and  foundations  of  buildings, 
and  by  petroleum  miners  and  prospectors  for  the  purpose 
of  stopping  the  leakage  of  water  through  fissures  in  the 
sides  of  a  borehole.  There  is  the  well-known  case  of  the 
collapse  of  the  New  York  subway,  in  which  no  attempt  was 
made  to  repair  the  tunnel  by  the  aid  of  timbering.  Instead 
of  this,  cement  grouting  was  run  in  amongst  the  broken-up 
ground,  and  allowed  to  harden,  after  which  the  tunnel  was 
started  again  and  successfully  bored  through  the  remade 
ground.  Further  instances  in  America  have  occurred  lately 
in  the  cases  of  the  Rondout  syphon  of  the  Catskill  aqueduct, 
and  the  Hudson  syphon  bored  beneath  the  Hudson  river ; 
the  latter  being  a  particularly  difficult  proposition  of  grout- 
ing a  water-bearing  fissure.  It  is  probably  owing  to  the 
increasingly  extensive  use  of  cement  in  such  instances  as 
these  that  the  application  of  cementation  to  shaft -sinking 
has  not  presented  the  same  revolutionary  aspect  as  did, 
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for  instance,  the  Poetsch  system  of  freezing  the  strata,  or 
the  Kind-Chaudron  method  of  shaft-boring  and  lining.  It 
has,  however,  already  proclaimed  itself  to  be  a  most  power- 
ful ally  of  the  mining  engineer,  and  has  conquered  with 
ease  and  comparative  cheapness  problems  that  proved  for- 
midable to  all  other  special  processes.  The  application  of 
the  Kind-Chaudron  method  is  limited,— apart  from  its 
being  a  very  expensive  method, — by  the  fact  that  it  is 
unsuitable  for  shafts  of  large  diameter  ;  the  largest  shaft 
sunk  by  it  being  15  feet  in  diameter.  The  refrigeration 
process  has  many  successful  undertakings  to  its  credit,  and 
does  not  appear  to  be  limited  either  as  regards  the  diameter 
or  the  depth  of  the  shaft.  A  well-known  instance  of  free- 
ing to  a  great  depth  in  the  Deutscher  Kaiser  colliery  in 
Westphalia,  where. a  depth  of  1,364  feet  was  frozen  and 
successfully  pierced.  Freezing,  however,  seems  to  be  most 
successful  when  the  water  in  the  strata  sunk  through  is 
still,  or  nearly  so.  Difficulties  arise  where  there  is  a  con- 
tinual flow  of  large  quantities  of  water  around  the  frozen 
column  of  strata.  For  example  there  is  evidence  that  in 
1903  the  failure  of  the  first  attempt  to  freeze  the  Easington 
shafts  was  due  to  a  constant  underground  flow  of  water 
preventing  the  complete  freezing  of  one  side  of  the  shaft. 
The  lesson  taught  by  this  was  remembered,  and  in  1911, 
in  the  sinking  of  Xo.  1  pit  of  the  Waterschei  plant  in 
Genck,  North  Belgium,  when  it  was  discovered  that 
fissures  occurred  in  the  strata  at  a  depth  of  1,410  feet,  the 
original  project  of  sinking  by  the  freezing  method  was 
abandoned,  and  that  of  cementation  was  substituted.  In 
the  refrigeration  process  there  is  also  the  constant  fear  of 
something  going  wrong  with  the  freezing  plant,  when  the 
work  of  many  months  may  all  be  undone. 

The  application  of   cementation  for   the   purpose   of 
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reducing  the  feeders  in  sinking  shafts  had  its  origin  in 
Belgium,  one  of  the  first  examples  being  carried  out  by 
Mr.  E.  Reumaux  in  1882,  who  stopped  by  its  means  a  large 
feeder  of  water  in  a  shaft  in  the  L,ens  district.  Consider- 
ably later  on,  in  1905,  the  same  gentleman  made  a  more 
systematic  application  of  the  same  process  in  the  case  of 
another  shaft  in  the  same  district.  The  cementation  was 
performed  at  two  points  in  the  shaft,  one  at  a  depth  of  166 
feet,  and  the  second  at  180  feet.  In  both  cases  the  water 
rose  in  the  shaft  before  recourse  was  had  to  cementation, 
thus  differing  from  present-day  practice,  in  which  cementa- 
tion is  continuously  kept  ahead  of  the  sinking,  enabling 
the  work  to  be  done  in  a  practically  dry  shaft. 

The  operation  referred  to  is  described  in  an  article  by 
Mr.  C.  Dinoire,1  and  is  interesting  in  that  it  solved  various 
technical  difficulties,  and  showed  to  some  extent  the  limits 
and  possibilities  of  the  process  The  conclusions  the  writer 
came  to  are  as  follows  : — •(  t)  Fissures  can  be  cemented,  by 
means  of  boreholes  where  necessary;  (2)  sand,  marl, 
boulders,  clay,  chalk-slimes,  and  boring  sludge  can  not  be 
cemented ;  (3)  inclined  fissures,  communicating  in  their 
upper  portion  with  the  flow  of  slurry,  can  be  cemented  ; 
(4)  thin  beds,  presenting  continuous  openings  not  very 
tortuous,  can  be  cemented  by  a  current  of  the  slurry  pro- 
duced by  pressure  from  pumps. 

While  the  above  conclusions  have  been  proved  by 
further  experience  to  be  in  the  main  correct,  improved 
methods  have  solved  the  difficnlties  connected  with  cement- 
ing in  so  far  as  porous  sands  are  concerned.     In  Germany 


1  "  Une  application  du  Cimentage  direct  dans  le  Creusement  d'un  Puits,"  by 
M.  C.  Dinoire,  Comptes  rendus  mensuels  des  Reunions  de  la  Societe  de  l'lndustrie 
tninerale,  1906. 
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it  has  been  claimed  by  Herr  Schneiders  '  that  such  strata 
have  been  made  watertight  by  forcing  in  thin  cement 
under  hydraulic  pressure,  while  in  England  the  ingenious 
and  almost  magical  method  of  filling  up  the  pores  of  the 
New  Red  Sandstone  adopted  by  M.  Francois  at  the  Hat- 
field Main  sinking  will  be  described  later  on  in  this  paper. 

The  writer  has  had  the  privilege  of  visiting  the  follow- 
ing sinkings  which  are  being  put  down  by  the  cementation 
process,  and  is  greatly  indebted  to  their  respective 
managers,  and  to  M.  Francois,  who  has  been  in  general 
superintendence  of  the  cementation  work  :  the  Cwm  pits, 
South  Wales  ;  Stonehall  colliery,  Dover  coalfield  ;  Coven- 
try colliery,  Warwickshire  coalfield;  and  Hatfield  Main 
sinking,  Yorkshire  coalfield. 

An  example  which  may  be  taken  as  typical  of  the 
straightforward  process  of  cementing  a  shaft  which  is 
being  sunk  through  fissured  strata  is  that  of  the  new  Cwm 
sinking  of  the  Great  Western  Colliery  Company.  The 
principal  appliances  used  are  a  diamond  drilling  machine 
with  5-foot  and  io-foot  rods,  sufficient  to  bore  say  200  feet, 
a  cement  mixer,  and  a  good  ram  pump  with  a  2"  ram,  a  2" 
suction,  and  a  9"  cylinder,  capable  of  producing  a  pressure 
of  1,000  lbs.  per  square  inch.  The  process  is  as  follows  (the 
shaft  is  25  feet  in  diameter) : — Ten  3"  boreholes  are  put  down 
at  regular  intervals  round  the  shaft,  inclined  outwards  at  an 
angle  of  13 °  to  a  depth  of  9  feet.  Into  these  boreholes  2" 
pipes  15  feet  long,  and  fitted  with  a  tap  at  the  top,  are 
inserted  and  set  with  cement.  The  diamond  drilling  ma- 
chine is  then  fixed  above  one  of  these  boreholes  on  a  stage, 
and  a  1  \"  bore  is  put  down  through  the  pipe  and  continued 
till  a  feeder  of  water  is  met  with.     The  tap  on  the  pipe  is 


I   Gluckauf,  1914,  Vol.  I. 
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then  closed,  and  the  boring  rig  removed.  The  pump  is 
then  connected  to  the  pipe  and  a  z\  %  solution  of  cement 
pumped  in.  Pumping  is  persevered  with  until  the  pressure 
registers  800  to  1,000  lbs.  per  square  inch.  The  pump  is  then 
stopped  and  disconnected.  If  the  water  has  not  ceased  to 
flow,  more  cement  is  pumped  in.  If  it  has,  the  boring  is 
resumed.  All  ten  boreholes  are  treated  in  the  same  way, 
and  the  boring  is  continued  until  they  reach  a  total  depth 
of  150  feet.  Sinking  is  then  resumed  until  this  150  feet  is 
sunk  through,  and  the  process  is  repeated  for  a  further 
depth  of  150  feet.  Feeders  were  met  in  these  boreholes 
of  from  12,000  to  20,000  gallons  per  hour,  and  the  mana- 
ger, Mr.  Isaac  Rees,  is  of  opinion  that  by  the  cementation 
at  least  80  %  of  the  water  was  permanently  stopped. 

At  the  Coventry  colliery  the  shafts  are  21  feet  6  in. 
in  diameter,  and  180  feet  apart,  and  are  being  sunk 
to  a  20  feet  seam,  at  a  depth  of  about  2,200  feet.  The 
sinking  was  conducted  by  ordinary  means,  damming  the 
water  back  with  tubbing,  until  No.  1  shaft  was  at  a  depth 
of  444  feet  and  No.  2,  549  feet.  At  these  depths  the 
feeders  amounted  to  1,100  gallons  and  2,670  gallons  per 
minute  in  the  respective  shafts.  It  was  then  decided  to 
proceed  with  the  sinking  by  means  of  cementation.  The 
first  step  was  to  shut  off  the  feeders  by  means  of  a  concrete 
plug  20  feet  thick  in  each  shaft.  Twelve  boreholes  were 
then  put  down  through  each  plug  for  the  purpose  of  cement 
injection,  and  the  sinking  proceeded  with.  The  effect  in 
No.  1  shaft  has  been  to  reduce  the  feeder  of  1,100  gallons 
per  minute  to  75,  and  in  No  2  the  feeder  of  2,670  gallons 
to  practically  nothing. 

In  the  Hatfield  Main  sinking,  situated  between  Don- 
caster  and  Goole,  where  from  the  start  the  cementation 
process  has  been  in  use,   unprecedented  conditions  were 
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met  with  which  for  a  time  defied  all  attempts  to  overcome 
them.  The  New  Red  Sandstone  through  which  the  sink- 
ing is  proceeding  is  extremely  porous,  the  porosity  being 
as  much  as  37  % .  In  addition  to  this  there  are  many  ver- 
tical fissures,  all  of  them  running  in  one  direction  only. 
The  consequence  was  that  although  large  quantities  of 
cement  were  forced  along  the  fissures,  the  only  result  was 
the  formation  of  parallel  walls  of  cement  in  the  strata,  be- 
tween which  the  water  ran  through  the  porous  sandstone 
unhindered  into  the  shaft.  The  only  hope  was  the  exist- 
ence of  cross  fissures,  but  of  these  none  were  found,  or 
none  of  any  use,  though  tons  of  cement  were  injected  in 
the  hope  of  finding  some.  The  manner  in  which  the  prob- 
lem was  tackled  and  finally  overcome  reflects  the  utmost 
credit  on  the  ingenuity  and  resource  of  the  engineers  in 
charge  of  the  work,  which  has  been  characterised  as  the 
most  difficult  sinking  operation  ever  encountered.  Ex- 
periments were  made  in  the  laboratory  with  various  chemi- 
cals in  solution  which,  when  mixed,  form  a  viscous  pre- 
cipitate. The  apparatus  used  was  a  frame  to  hold  a  piece 
of  the  porous  sandstone  from  which  a  pipe  was  led  and 
connected  up  to  a  force  pump.  The  chemicals  ultimately 
selected  were  sulphate  of  alumina  and  silicate  of  soda. 
These  when  in  solution  and  mixed  react  to  form  a  jelly, 
a  fact  which  can  be  verified  by  a  simple  experiment.  In 
the  sinking  shaft  two  pipe  rings  are  provided,  each  with 
its  own  circle  of  boreholes,  and  the  two  solutions  are 
pumped  through  these,  and  actually  mix  and  solidify  in  the 
strata.  This  suffices  to  keep  the  water  from  percolating 
through  the  porous  sandstone.  Cement  is  used  to  fill  the 
fissures  to  a  sufficiently  safe  distance  from  the  shaft 
walls. 

As  the  shafts  proceed  ferro-concrete  lining  is  put  in. 
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PI.  ii  shows  the  construction  of  the  reinforcement  of  the 
concrete  in  the  Hatfield  Main  shafts.  The  other  figures 
are  photographs  of  various  types  of  strata  which  have  been 
treated  by  the  cementation  process,  and  show  clearly  the 
fissures  filled  in  with  cement. 

There  is  no  doubt  that  India  might  benefit  in  certain 
cases  by  the  adoption  of  the  process  described.  Trouble 
has  been  experienced  from  immoderate  feeders  of  water  in 
shafts  sunk  on  a  fault  or  dyke.  To  dam  off  the  feeders 
by  cement  injection  would  be  a  simpler  matter  than  the  in- 
stallation of  large  pumps,  which  might  after  all  prove  inade- 
quate. Regarding  the  eastward  extension  of  the  Raniganj 
coalfield,  it  is  quite  probable  that  serious  sinking  difficulties 
will  be  encountered,  as  the  surface  deposit  of  alluvial  silt 
and  gravel  thickens.  These  difficulties  are  not  imminent, 
but  possibly  will  be  so  after  another  decade,  when  mining 
engineers  may  be  compelled  to  contemplate  having  resort 
to  special  sinking  methods  in  order  to  overcome  them.  It 
is  doubtful  whether  cementation  will  be  suitable  for  such 
strata,  but  as  the  process  is  yet  in  its  infancy,  means  ma)* 
be  found  to  adapt  it  to  them.  It  is  to  be  hoped  so,  as  the 
choice  would  probably  lie  between  freezing  and  cementa- 
tion, and  other  things  being  equal,  comparing  the  tempo- 
ral and  unstable  petrification  of  the  former  method  with  the 
permanency  and  stability  of  the  latter,  cementation  would 
in  every  case  be  given  the  preference. 

DISCUSSION. 
Mr.  C.  H.  McCale  : — Gentlemen,  in  bringing  out  this 
paper  Mr.  Roberton  has  introduced  something  new  and 
which  might  some  day  be  of  great  service  in  Indian  mining. 
It  is  an  interesting  paper,  and,  no  doubt,  will  elicit  valuable 
discussion. 
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The  specimens  of  rocks  passed  through,  showing  where 
the  cement  has  been  injected  into  their  crevices,  add  con- 
siderable value  to  the  paper,  and,  I  think,  our  thanks  are 
due  to  Mr.  Roberton  for  having  taken  the  trouble,  when 
he  was  at  home ,  to  obtain  the  information  to  present  to 
the  members  of  this  Institute. 

I  understand  the  cementation  process  can  only  be 
done  in  stages,  and,  I  think,  there  is  a  limit  to  which  each 
stage  can  be  carried  out  successfully.  About  200  feet  deep 
I  believe  to  be  a  safe  distance.  In  fact.  I  am  not  aware 
of  any  such  work  having  exceeded  this  depth. 

Where  boreholes  cut  through  rocks  having  fissures 
vertically  and  at  varying  angles,  great  difficulty  is  experi- 
enced in  cementing  the  crevices  to  the  full  depth  of  the 
hole,  because,  while  the  cement  grout  is  forced  into  the 
top  crevices,  the  bottom  part  of  the  hole  may  become 
blocked  before  the  lower  seams  are  grouted  ;  in  such  cases, 
therefore,  the  water  is  not  completely  shut  off. 

A  means  by  which  this  trouble  can  be  eliminated,  if 
not  absolutely  obviated,  seems  to  be  to  put  down  the  bore- 
holes entirely  through  the  watered  strata  or  down  to  the 
safe  limit  for  each  stage,  after  which  the  holes  are  cased 
with  suitable  pipes,  which  can  be  gradually  withdrawn  as 
the  cement  grout  is  pumped  in.  The  apparatus  for  grout- 
ing operations  should  be  so  arranged  as  to  facilitate  rapid 
disconnection  of  the  pipes  when  removing  them  from  the 
holes  and  so  to  avoid  the  chances  of  the  cement  setting  in 
the  pipe  while  the  flow  is  interrupted. 

By  this  method  the  cement  grout  will  be  forced  into  the 
fissures  from  the  bottom  of  the  hole  upwards.  Mr.  Roberton 
refers  to  pipes  being  used  in  the  holes ;  perhaps  he  will  in- 
form us  as  to  whether  or  not  the  pipes  and  grouting  appa- 
ratus were  arranged  and  manipulated,  as  suggested.     Also 
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whether  any  trouble  by  the  bottom  part  of  the  holes  getting 
blocked  was  experienced  in  the  cases  cited  in  his  paper. 

Mr.  H.  M.  Tarlton  : — I  visited  Hatfield  sinking  in  1914 
and  was  informed  that  the  boring  and  cementation  pro- 
cess was  only  carried  on  to  a  depth  of  thirty  feet  ahead  of 
the  sinking .  and  that  the  shaft  bottom  was  sunk  to  within 
ten  feet  of  bottom  of  the  boreholes  and  that  new  holes 
were  then  started. 

Mr.  W.  Beckett: — In  1909,  I  had  the  pleasure  of  visit- 
ing St.  Avoid  sinking  in  the  Saarbriicken  Coalfield.  This 
sinking  had  only  just  been  commenced,  and  it  is  not  ex- 
pected that  coal  will  be  met  with  until  a  depth  of  600 
metres  is  reached,  300  metres  of  this  depth  being  in  the 
Permian  formation,  which  is  known  to  be  heavily  watered. 
The  method  of  sinking  adopted  was  the  cementation  sys- 
tem, which  is  largely  adopted  on  the  Continent  for  sinking 
through  water-bearing  strata  if  the  measures  are  sufficient- 
ly hard. 

The  method  of  sinking  was  as  follows : — 

Four  boreholes  are  put  down  within  the  shaft  circle 
and  cement  forced  down  these  holes  in  pipes ;  the  cement 
was  forced  into  the  fissures  around  the  boreholes  to  dam 
back  the  water.  Eight  similar  holes  were  afterwards  bored 
around  the  outside  of  the  shaft,  and  the  cementing  process 
repeated,  thus  forming  a  complete  solid  ring  around  the 
shaft.  When  an  annular  ring  of  water-bearing  strata  has 
thus  been  isolated,  sinking  can  be  started  in  the  ordinary 
manner. 

The  object  of  the  four  boreholes  put  in  the  shaft  site 
was  that  sinking  could  be  carried  on  safely  whilst  the 
boring  of  the  outer  boreholes  was  proceeding  to  the  full 
depth,  thereby  eliminating  any  risk  of  the  shaft  bottom 
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being  broken  up  by  the  head  of  water  in  the  surrounding 
strata. 

The  cost  of  this  method  is  considerable,  as  the  cost  of 
boring  and  cementing  is  1,700  marks  per  metre.  The  aver- 
age cost  per  metre  of  boring,  sinking,  and  bricking,  and 
plant  is  3,000  marks  or  £150  per  metre  of  water-bearing 
strata. 

Mr.  G.  de  P.  Cotter : — In  the  Burma  Oil  Fields,  cemen- 
tation methods  are  frequently  adopted,  wherever  strong 
water  sands  are  encountered,  and  where  the  water  cannot 
be  cased  off  by  merely  driving  the  pipe.  The  cement  is 
pumped  in  under  pressure  and  forced  to  rise  up  behind  the 
pipe  so  as  to  completely  fill  the  annular  space  between  the 
pipe  and  the  walls  of  the  hole.  I  believe  it  is  customary 
to  allow  the  cement  ample  time  to  set  before  any  attempt 
at  further  drilling  is  commenced. 

Mr.  C.  H.  McCale : — Messrs.  Roberton,  Beckett,  and 
H.  M.  Tarlton  do  not  mention  whether  any  time  was  allowed 
for  the  cement  grout  to  set  before  sinking  operations  were 
commenced.  This  information  is  of  great  importance,  and , 
if  these  gentlemen  can  state  particulars,  I  shall  be  much 
obliged.  Instances  are  known  where  the  time  allowed  for 
grouting  to  set  varied  between  24  hours  and  28  days.  I 
should  fancy  that  the  time  allowed  for  the  cement  to  set 
would  largely  depend  upon  the  quantity  of  water  that  had 
to  be  encountered. 

Mr.  G.  F.  Adams; — I  understand  that  after  all  fis- 
sures down  to  a  certain  depth  have  been  stopped,  sinking 
is  resumed,  and  on  the  completion  of  a  sufficient  amount 
of  sinking  cement  is  pumped  once  more  through  the  bore- 
holes. Would  not  the  cement  in  the  boreholes  have 
hardened  by  this  time  so  as  to  prevent  further  pumping 
through  them  ?     Or  are  fresh  boreholes  made  ? 
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Mr.  E.  H.  Roberton  .—Referring  to  Mr.  H.  M.  Tarlton's 
remarks,  the  Hatfield  main  sinking  is  in  a  class  by  itself,  and 
cannot  be  called  in  any  way  a  straightforward  example  of 
the  cementation  process.  The  example  chosen  in  my  paper 
as  typical  of  straightforward  cementation  is  the  Cwm  sinking 
of  the  Great  Western  Colliery  Company  of  South  Wales. 

In  reply  to  Mr.  McCale's  and  Mr.  Adams'  question,  it 
is  rendered  unnecessary  to  start  new  boreholes  because  of 
cement  hardening  in  the  existing  boreholes,  in  the  follow- 
ing manner  :  when  it  is  decided  to  stop  boring  and  proceed 
with  the  sinking,  clear  water  instead  of  cement  is  forced 
into  the  boreholes  until  it  is  judged  that  the  boreholes  are 
filled  with  water.  A  few  strokes  only  of  the  pump  are 
sufficient  to  accomplish  this.  By  this  means  there  is  no 
cement  left  to  solidify  in  the  boreholes,  which  are  ready 
for  further  use  whenever  the  sinking  shifts  are  stopped. 

There  is  a  small  item  to  add  to  my  paper  on  the 
cementation  process  of  shaft  sinking.  I  omitted  it  from 
the  paper,  because  I  did  not  think  it  intrinsically  belonged 
to  the  cementation  process,  and  could  not  be  applied  to 
any  other  sinking  method.  I  refer  to  the  keying  of  the 
lining  of  the  shaft  to  the  strata.  The  inventors  of  this 
cementation  process  tried  to  build  curbs  to  support  the 
lining  at  intervals  in  the  ordinary  way.  It  differed  from 
ordinary  tubbing  in  that  ordinary  tubbing  is  built  upwards 
on  the  curbs,  but  in  this  case  the  water-tight  lining  was 
built  downwards,  and  it  proved  to  be  no  easy  matter  to 
put  the  curbs  in  and  make  them  water-tight.  It  was  done 
successfully  in  some  places,  but  the  difficulty  of  making 
curbs  water-tight  was  very  great,  and  it  was  decided  to 
adopt  another  method  of  keying  it  to  the  shaft.  A 
V-shaped  slot  was  cut  at  intervals  around  the  shaft,  and 
the  concrete  which  was  rammed  in  behind  the  lining  filled 
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up  the  V-shaped  cavity  and  so  became  a  solid  key  fixing 
the  whole  lining  to  the  shaft.  The  lining  being  monolithic, 
it  made  a  very  firm  job.  The  keys  were  put  in  at  from  80 
to  100  feet  distances. 

With  regard  to  the  cost,  I  believe  that  Mr.  Webster, 
who  is  not  present  to-day,  is  going  to  let  us  know  the  costs 
of  some  examples  of  shaft  cementation  work.  Naturally, 
it  differs  from  pit  to  pit,  as  there  are  difficulties  in  one  pit 
which  are  not  found  in  another,  and  the  process  is  still 
new  and  more  or  less  experimental. 

Further  discussion  on  the  paper  ' '  The  Cementation 
Process  of  Shaft  Sinking  ' '  was  resumed  at  the  meeting  held 
at  Jharia  on  the  19th  February,  1917. 

President  (Mr.  R.  G.  M.  Bathgate): — As  regards  the 
cementation  process  in  this  country,  so  far  as  my  experi- 
ence in  Jharia  goes,  I  do  not  think  it  will  help  us  very  much 
because  as  we  go  down  we  always  get  water  coming  out  of 
the  bottom.  We  have  never  really  got  it  in  Jharia  inside 
the  shaft.  It  always  tails  it.  It  comes  from  the  bottom. 
We  start  at  dip  working  and  we  get  it  with  us.  Take 
Kenwadih.  We  are  losing  water  lodgment  altogether.  So 
far  as  our  strata  here  are  concerned  it  would  not  be  of  any 
advantage  to  us,  as  the  water  always  goes  down.  I  tried 
some  years  ago  with  boring  at  Bulliarree  We  got  down 
about  four  feet  and  the  sides  of  the  next  ran  in.  I  used 
cement  there  and  it  saved  my  having  to  put  down  another 
bore.  We  lost  about  four  days  and  twenty-five  rupees 
instead  of  having  to  bore  another  four  hundred  feet.  In  a 
case  like  that  it  is  very  successful. 

Mr.  E.  H.  Roberton  .— I  should  point  out  that  the 
cementation  process  would  effectually  stop  the  water  com- 
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ing  in  from  the  bottom  of  the  shaft.  The  shaft  lining  is 
merely  the  completion  of  the  cementation  process.  Bore- 
holes round  the  shaft  bottom  are  put  down  until  they  find 
fissures,  which  are  indicated  by  the  water  coming  up 
through  them.  When  a  fissure  is  found  it  is  stopped  by 
injecting  cement,  and  the  borehole  concerned  is  then  con- 
tinued until  another  fissure  is  found.  This  is  continued 
to  a  predetermined  depth.  In  the  Cwm  pits,  an  example 
of  straightforward  working  of  this  method,  the  boreholes 
were  continued  to  a  depth  of  200  feet,  and  the  shaft  was 
then  sunk  150  feet,  leaving  a  thickness  of  50  feet  of  solidi- 
fied strata  forming  the  shaft  bottom.  The  boreholes  were 
then  continued,  and  the  alternate  boring,  solidifying,  and 
sinking  carried  on  until  the  water-bearing  strata  were  left 
behind.  The  fact  that  the  shaft  is  water-tight  would  not. 
of  course,  prevent  the  water  rising  in  the  lodgment  galler- 
ies. If  the  galleries  themselves  are  in  heavily  watered 
strata  I  do  not  see  what  you  could  do,  except  try  to  keep 
them  clear  by  pumping. 

President  {Mr.  R.  G.  M.  Bathgate): — What  I  want  to 
make  clear  is  that,  taking  No.  1  pit,  Kenwadih,  wherever 
we  work  we  get  the  water  following  up  with  us.  It  leaves 
one  place  a  ad  gets  to  the  next  gallery,  so  that  we  would 
have  to  practically  cement  the  whole  gallery. 

Mr.  E.  H.  Roberton  • — You  could  not  be  expected  to 
cement  the  whole  mine.  The  cementation  is  designed  in 
most  cases  only  for  enabling  the  mining  engineer  to  sink 
his  shaft  through  watered  strata. 

Mr.  R.  R.  Simpson: — Another  point  which  might  be 
mentioned  is  that,  supposing  the  fissures  in  the  dip  work- 
ings could  be  cemented,  even  then  it  would  be  necessary 
to  combine  the  cementation  process  with  some  means  of 
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packing  the  goaf  so  as  to  prevent  water  from  finding  its 
way  into  the  workings  from  the  surface. 

Mr.  J.  S.  Kean  .—The  point  with  regard  to  the  cemen- 
tation process,  I  understand,  is  not  so  much  to  keep  the 
water  above  the  workings  as  to  allow  the  sinking  to  be 
done.  After  the  shaft  is  sunk  and  the  permanent  pumps 
installed  it  is  easy  to  deal  with  the  water.  I  remember 
that  at  South  Kustore  we  got  a  lot  of  water  in  the  sinking, 
and  that  it  followed  us  along  the  workings  and  left  the 
shaft  bottom.  The  cementation  process  as  applied  to  shaft 
sinking  would  not  have  prevented  it  doing  so. 

Mr.  B.  St  arks  Field : — -If  we  do  not  drain  the  water 
out  of  the  strata  as  we  proceed  with  the  sinking,  when  we 
get  to  the  bottom  it  would  be  very  much  more  serious. 
As  the  sinking  proceeds  we  gradually  drain  the  strata  and 
therefore  there  is  less  water  to  deal  with  in  the  work- 
ings. 

Mr.  R.  R.  Simpson: — I  should  like  to  ask  Mr.  Rober- 
ton  if  he  has  knowledge  of  any  case  where  the  cementation 
process  is  applied  to  water  in  the  coal  seam  itself.  So  far 
as  I  am  aware  the  cases  in  which  cementation  has  been 
applied  are  those  in  which  the  water  occurs  in  newer  rocks 
overlying  the  coal  measures,  and  that  this  water  once  shut 
off  does  not  get  to  the  workings  at  all  because  the  coal  is 
got  by  the  longwall  process  of  working  in  which  the  strata 
bend  down  and  do  not  fracture. 

Mr.  E  H.  Roberton  . — I  have  not  heard  of  such  a  case 
in  a  coal-mine  but  do  not  see  why  there  should  not  be  such 
cases.  There  are  many  instances  of  tunnels  which  are 
being  driven  coming  across  unexpected  fissures  which  have 
been  dammed  off  by  filling  with  cement. 
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The  discussion  on  Mr.  E.  H.  Roberton's  paper  on  "  The 
Cementation  Process  of  Shaft  Sinking"  was  continued  at 
the  Asansol  meeting  held  on  the  18th  June,  1917. 

Mr.  F.  Owen  said  that  during  his  visit  to  the  collieries 
of  the  Kent  coalfield  during  their  sinking,  he  made  note  of 
the  fact  that  prior  to  the  injection  of  cement  into  the  fis- 
sures it  was  found  advisable  first  to  flush  the  fissures  out 
by  pumping  in  clean  water  under  pressure.     By  doing  this 
the  cementation  was  more  effective.     The  shafts  were  sunk 
through  chalk  formations.     This  previous  flushing  of  the 
fissures  was  not  mentioned  in  Mr.  Roberton's  paper.     The 
amount  of  cement  used  was  in  some  cases  very  great,  but 
appeared  to  be  progressively  less  as  the  sinking  proceeded. 
For  instance,  in  a  case  of  sinking  in  Warwickshire  he  was 
informed  that  the  amount  used  for  the  first  200  feet  was 
about  1,500  tons  ;  for  the  second  200  feet,  1,000  tons ;  and 
for  the  third,  500  tons,  and  so  on.     In  the  case  of  cementa- 
tion at  a  Kent  sinking,  it  was  discovered  when  excavating 
foundations  for    buildings    300   feet    from   the    shaft   the 
cement  had  been  forced  up  to  the  surface  at  that  point.     He 
was  of  the  opinion  that  the  process  was  of  more  interest  to 
the  Jharia  people  than  to  those  of  the  Lower  District ;  but 
even  in  Jharia  it  might  possibly  fail  in  the  ultimate  design 
of  keeping  the  mine  free  from  the  water  existing  in  strata 
above  the  coal,  as  there  are  no   impervious  beds  of  clay, 
and  probably  water  difficulties  would  be  encountered  in  the 
workings,  apart  from  the  shaft  sinking,  and  especially  in 
the  broken  workings. 

Mr.  G.  F.  Adams  asked  why  Mr.  Owen  thought  the 
process  specially  applicable  to  Jharia  in  view  of  the  fact 
that  the  deep  sinkings  of  the  near  future  would  probably 
be  in  the  Raniganj  coalfield.  He  took  it  that  when  Mr. 
Owen  remarked  they  would  have  to  deal  with  the  water 
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again  he  referred  to  encountering  it  in  the  workings,  either 
whole  or  broken,  and  that  there  would  be  no  difficulty  in 
making  the  sides  of  the  shafts  themselves  watertight  with 
suitable  lining.  He  would  also  be  pleased  if  any  members 
could  say  from  practical  experience  whether  the  cements 
now  being  made  in  this  country  would  be  suitable  for  the 
process. 

Mr.  Owen  said  that  his  experience  showed  that  even 
in  the  deep  pits  in  the  Lower  District  there  had  been  no 
difficulty  with  water,  even  in  pits  down  to  1,200  feet  in 
depth,  but  that  Jharia  could  not  claim  such  immunity 
from  water  difficulties  in  its  shafts. 

Mr.  Glen  George  said  that  he  had  used  the  Katni 
cement  extensively  on  his  collieries  and  had  found  it  of 
excellent  quality,  comparing  favourably  with  the  home 
product,  and  very  much  superior  to  the  Japanese  variety. 

Mr.  C.  H.  McCale  asked  Mr.  Owen  how  the  fissures 
were  flushed  in  the  instance  he  mentioned. 

Mr.  Owen  said  that  it  merely  meant  pumping  a  quan- 
tity of  clean  water  under  pressure  into  the  fissure  before 
injecting  the  cement.  Great  pressures  were  often  neces- 
sary at  the  final  stage  for  the  cement  injection,  as  much  as 
2,000  lb.  per  sq.  in.  having  been  reached. 

Mr.  E.  H.  Roberton  said  that  he  had  not  seen  the 
flushing  of  the  fissures  previous  to  cement  injection  used 
in  Wales,  Warwickshire  or  Yorkshire,  and  considered  that 
it  would  only  be  necessary  under  exceptional  circum- 
stances. In  all  probability  its  use  in  the  Dover  coalfield 
sinkings  would  be  necessitated  by  the  presence  of  calcareous 
silt  in  the  fissures  which  would  interfere  with  the  efficient 
injection  and  setting  of  the  cement.  In  the  case  of  Hat- 
field Main  the  fissures  were  often  filled  with  loose   sand 
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which  would  not  interfere  with  the  setting  of  the  cement, 
but  did  hinder  its  injection.  The  pressure  necessary  for 
the  injection  of  the  cement  into  a  sand-filled  fissure  was 
found  75olb.  per  sq.  in.  A  curious  fact,  however,  is  that 
after  injection  of  the  two  chemical  solutions  whose  action 
in  combination  I  exhibited  at  the  reading  of  the  paper, 
and  which  were  injected  for  the  purpose  of  filling  up  the 
porosities  in  the  solid  sandstone,  it  was  found  that  the 
chemicals  acted  as  a  lubricant  in  the  loose  sand  of  the 
fissures,  and  the  pressure  needed  for  the  injection  of  the 
cement  was  only  120  lb.  per  sq.  in.,  or  about  one  sixth  of 
the  previous  pressure.  The  enormous  pressure  of  2,000  lb. 
mentioned  by  Mr.  Owen  was  very  rarely  used,  but  at  Hat- 
field Main  it  was  proved  that  the  reinforced  concrete  used 
for  the  shaft  lining  could  withstand  this  pressure  without 
giving  way. 

Mr.  G.  C.  Leach  regretted  that  in  Mr.  Roberton's 
paper  the  cost  of  the  process  was  not  given  in  any  instance. 
He  quoted  a  case  in  Warwickshire  where  the  sinking  cost 
of  £240  per  yard  before  introducing  cementation  was  re- 
duced to  £50  per  yard  after  its  introduction. 

The  discussion  of  Mr.  Roberton's  paper  was  closed. 


Report  on  Mining  Education  in  England 
with  special  reference  to  India. 

BY 

G.    F.    Adams.  E.   li.    Roberton  and  Glen   George. 

This  paper  was  originally  written  as  a  report  for  the 
Government  of  Bengal  who  have  kindly  permitted  it  to  be 
read  as  a  paper  before  the  Institute.  We  wish  to  express 
our  thanks  and  those  of  our  members  to  that  Government, 
for  kindly  allowing  the  Institute  this  privilege. 

As  is  well  known  to  the  members  of  this  Institute 
there  are  three  recognized  methods  of  imparting  mining 
instruction :  firstly,  at  schools  of  mines  which  are  attached 
to  universities  or  colleges ;  secondly ,  at  self-contained 
schools  of  mines;  and,  thirdly,  at  evening  classes  where 
instruction  is  given  to  persons  working  daily  underground 
in  mines  ;  and  amongst  these  evening  classes  should  be  in- 
cluded one-da y-a- week  or  other  special  classes  at  the  first 
two  institutions. 

In  concluding  our  enquiry  we  visited  the  following  :  — 
Newcastle,  Leeds,  Sheffield  and  Birmingham  Universities  ; 
a  school  of  mines  at  Wigan,  attached  to  an  Engineering 
College;  the  County  School  of  Mines  at  Nuneaton,  War- 
wickshire, and  a  school  of  mines  recently  opened  by  the 
South  Wales  coal  owners  at  Treforest,  Glamorganshire. 
We  made  some  short  enquiries,  also,  at  Cardiff  University, 
and  enquired  into  the  systems  of  evening  classes  organized 
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by  the  County  Councils  of  Northumberland,  Yorkshire  and 
Glamorganshire.  All  these  schools  and  classes  are  main- 
tained in  the  neighbourhood  of  working  coal-fields. 

We  paid  special  attention  to  the  following  points:  — 

A. — At  Schools  of  Mines  whether  or  not 
attached  to  Universities. 

1.  The  scope  and  aim  of  the  school  and  courses  of 
instruction  given. 

2.  The  extent  of  preliminary  knowledge  of  arts  and 
science  required  before  admission  to  the  school  and  the 
place  where  this  preliminary  knowledge  is  gained. 

3.  Whether  practical  experience  underground  before 
entering  the  school  is  essential  or  advisable. 

4.  The  extent  of  practical  underground  training, 
which  is  obtained  during  the  course  of  instruction  at  the 
school. 

5.  The  advisability  or  otherwise  of  a  school  introduc- 
ing practice  in  mining  or  engineering  or  confining  itself  to 
the  teaching  of  principles,  the  student  gaining  his  practical 
experience  in  mines  or  works. 

B. —  At  Evening  Classes. 

Their  scope  and  aim  and  courses  of  instruction  given. 

C  — Generally. 

1.  The  comparative  number  of  students  attending 
the  various  courses  of  instruction,  and  their  subsequent 
positions  in  the  industry. 

2.  The  extent  to  which  colliery  owners,  mining  en- 
gineers and  workmen's  representatives — either  or  all  of 
them— are  represented  on  the  Boards  of  Control  to  the 
extent  to  which  they  are  able  to  influence  the  courses  of 
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instruction,  and  the  extent  to  which  they  contribute  to  the 
support  of  the  institutions. 

3.  In  the  Government  of  Bengal  letter  Xo.  601,  dated 
the  5th  February  1915,  we  were  directed  that  the  words 
'and  the  application  of  such  subjects  and  methods  to 
India"  should  be  added  to  the  terms  of  our  reference.  We 
therefore  detail  first  the  result  of  our  inquiries  in  England 
and  then  offer  our  suggestions  as  regards  their  application 
to  India,  discussing  also  the  nature  of  the  methods  of  in- 
struction most  suited  to  Indian  conditions.  For  reasons 
which  will  be  explained  hereinafter,  we  consider  that  the 
systems  of  self-contained  schools  of  mines  and  of  evening 
classes  are  most  suitable  for  India. 

ENQUIRIES    IN    ENGLAND. 

A. — At  School  of  Mines  whether  or  not 
attached  to  Universities. 

(1)   The  scope  and  aim   of  the  school  and  courses  of  instruction 

given. 

It  may  be  generally  stated  that  the  scope  and  aim  of 
schools  of  mines  attached  to  universities  are  to  train  both 
colliery  managers  and  mining  engineers,  who  can  take  the 
highest  posts  offered  to  the  profession.  Universities  to 
which  such  schools  are  attached  also  have  Chairs  of  Geo- 
logy, where  professional  geologists  may  become  trained. 
The  self-contained  schools  of  mines  mostly  aim  at  turning 
out  colliery  managers,  but  an  able  and  industrious  student 
might  profit  sufficiently  by  the  instruction  given  him  to 
rise  to  eminence  in  the  profession ;  while  the  evening  classes 
generally  aim  at  turning  out  good  subordinate  officials  and 
under-managers,  and  here  again  the  exceptional  student 
may  be  able  to  take  sufficient  advantage  of  the  course  to 
obtain  his  first-class  colliery  manager's  certificate. 
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It  should,  however,  be  noted  that  in  1912  a  new  Coal 
Mines  Regulation  Act  came  into  force,  and  since  then  the 
examinations  for  first-class  certificates  have  been  revised. 
Formerly  these  examinations  were  controlled  at  local  cen- 
tres, but  they  are  now  centrally  controlled  in  London 
where  the  questions  are  set  and  the  examinations  are  held 
simultaneously  at  six  different  centres.  The  result  has 
been,  and  will  be  more  so  in  the  future,  to  raise  very  much 
the  standard  of  this  examination,  and  it  is  not  expected 
that  in  the  future  evening  classes  will  aim  at  preparing 
students  for  the  first-class  certificate  examination,  and  it 
will  be  doubtful  whether  a  student  who  does  not  take  the 
full-time  course  at  a  school  of  mines  will  be  able  to  pass 
this  examination. 

We  have  deemed  it  advisable  to  relegate  to  appendices 
the  syllabus  of  the  various  courses  of  instruction  given. 
While  forming  a  useful  guide  to  what  may  be  laid  down 
for  teaching  in  India,  we  do  not  think  it  is  our  place  here 
to  criticize  them  as  being  taught  in  England. 

It  will  be  seen  that  the  degree  of  Bachelor  of  Science 
course  is  invariably  a  three-years'  course,  while  the  diploma 
is  either  two  or  three  years.  Where  it  is  two  years  the 
period  has  been  fixed  with  a  view  to  the  requirements  of 
the  Coal  Mines  Regulation  Act,  in  which  it  is  laid  down 
that  a  student  must  have  five  years'  practical  experience 
in  a  mine  before  he  can  sit  for  his  examination,  or  if  he 
has  a  diploma  of  a  recognized  mining  school,  he  must  have 
three  years  practical  experience,  and  the  two  years'  dip- 
loma course  is  arranged  in  order  that  a  student  who  takes 
such  a  course  will  be  able  to  sit  for  his  certificate  just  as 
soon  as  the  student  who  spends  the  whole  five  years  at  a 
mine  and  acquires  his  necessary  theoretical  knowledge  in 
other  wavs. 
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(2)  The  extent  of  preliminary  knowledge  of  arts  and  science  re- 
quired before  admission  to  the  school,  and  the  place  where  this 
preliminary  knowledge  is  gained. 

It  will  be  seen  that  at  schools  of  mines  attached  to 
universities  there  are  usually  a  Bachelor  of  Science  course, 
for  which  it  is  necessary  to  pass  the  matriculation  of  the 
university,  and  also  a  diploma  course,  for  which  varying 
standards  of  preliminary  knowledge  are  required.  In  some 
cases  there  is  a  special  elementary  entrance  examination, 
and  in  others  it  is  left  to  the  principal  to  determine  whether 
the  student's  preliminary  education  is  such  that  he  can 
pursue  the  course  with  advantage.  After  the  students 
have  been  admitted,  the  diploma  and  Bachelor  of  Science 
courses  are  generally  the  same.  It  might  be  pointed  out 
that  at  Birmingham  student"  are  allowed  to  matriculate  at 
the  end  of  their  first  year. 

In  the  case  of  schools  attached  to  universities  and  self- 
contained  schools  of  mines  this  preliminary  knowledge  is 
not  given,  but  there  are  endless  facilities  in  England  for 
acquiring  it  for  students  in  almost  every  walk  of  life. 

As  detailed,  some  of  the  evening  classes  devote  the 
first  year  or  two  of  instruction  to  this  preliminary  know- 
ledge. 

(3)   Whether  practical  experience   underground   before  entering 
the  school   is  essential  or  advisable. 

We  found  considerable  difference  of  opinion  existing 
on  this  point.  Professor  Henry  Louis,  the  Professor  of 
Mining  at  Newcastle  Universitv,  did  not  consider  practical 
experience  before  entering  a  school  essential,  and  from  one 
point  of  view  he  objected  to  it.  He  pointed  out  that,  as  a 
rule,  a  boy  would  wish  to  commence  his  mining  career  at 
the  age  of  17,  and  at  that  age  he  did  not  think  him  suffi- 
ciently formed,  physically,  to  do  underground  work.     He 
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said  that  was  his  only  objection,  but  he  did  not  attach 
much  importance  to  it.  He  had  had  good  students  among 
those  who  had  and  those  who  had  not  had  such  training. 

At  Leeds,  Professor  Hummel,  the  Professor  of  Mining, 
said  that  the  degree  and  diploma  students  have  not,  as  a 
rule,  any  previous  practical  training  in  mines  and  are  not 
required  b}-  the  university  regulations  to  obtain  any  before 
entering.  On  the  whole,  he  considered  some  previous 
practical  training,  say  a  couple  of  months,  after  leaving 
school  advisable  but  not  essential.  He  remarked  that  in 
Germany  (Clausthal  and  Freiberg)  one  year's  practical 
mining  before  joining  the  school  is  insisted  on.  During 
the  three  years'  course  at  Leeds,  degree  and  diploma  stu- 
dents are  required  to  obtain  four  months'  practical  experi- 
ence in  mines  during  the  vacations  at  Christmas,  Easter 
and  summer. 

Professor  Ripper,  the  Dean  of  the  Faculty  of  Applied 
Science  and  Professor  of  Mechanical  Engineering  at 
Sheffield,  is  of  the  opinion  that  if  a  student  went  to  a  col- 
liery or  works  for  a  year  before  going  to  a  university,  it  is 
very  doubtful  whether  he  would  return  to  take  up  the 
college  course  at  the  end  of  that  period.  x\part  from  that, 
he  thought  it  would  be  advisable. 

Professor  Armstrong,  the  Professor  of  Mining  at 
Sheffield,  thinks  that,  at  any  rate,  no  mining  should  be 
taught  before  a  student  has  been  underground ,  that  is  to 
say,  he  might  take  his  first  year  (mathematics  and  science 
are  the  chief  subjects  taught),  and  then  obtain  some  under- 
ground experience  before  his  second  and  third  years,  when 
he  would  get  lectures  in  mining. 

Professor  Cadman,  the  Professor  of  Mining  at  Birming- 
ham, thinks  that,  in  order  to  ensure  an  efficient  training, 
it  is  advisable  that  a  student  should  have  preliminary  prac- 
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tical  training.  The  mere  fact  that  he  has  seen  and  done 
hard  work  makes  him  keener  to  learn  and  to  appreciate 
lectures.  The  subject  thus  becomes  a  live  one.  From  a 
practical  point  of  view,  and  after  considering  all  that  has 
been  said  on  the  other  side — and  he  thinks  the  chief  thing 
to  be  said  on  the  other  side  is,  that  if  a  student  goes  to  a 
mine  for  a  year  his  elementary  school  work  may  get  rusty 
— he  thinks  it  is  best  that  a  student  should  obtain  pre- 
liminary practical  work.  The  practice  at  Birmingham  is 
that — it  is  not  insisted  upon  but  the  advice  is  generally 
taken — the  student  is  given  a  list  of  collieries,  to  one  of 
which  he  can  go  for  a  year.  This  is  the  result  of  the 
anangement  which  Professor  Cadman  has  made  with  the 
management  of  such  collieries.  As  a  rule,  a  premium  is 
charged,  and  the  student  generally  gets  no  pay.  In  some 
cases  an  arrangement  is  made  whereby  a  student  is  articled 
in  such  a  way  that  he  goes  to  the  colliery  for  a  year,  then 
takes  his  college  course,  then  returns  to  the  colliery  for  two 
other  years,  at  the  end  of  which  time  he  should  be  pre- 
pared to  sit  for  his  first-class  certificate.  In  this  case  the 
last  two  years  usually  carry  with  them  a  small  remunera- 
tion. 

At  Wigan,  Principal  Rankine  is  of  opinion  that  pre- 
liminary practical  experience  is  without  doubt  advisable 
from  an  educational  point  of  view,  and  that  any  boy  not 
having  such  experience  starts  handicapped.  But  he  would 
not  like  to  go  so  far  as  to  say  it  is  essential.  As  a  matter 
of  fact,  the  diploma  students  at  Wigan  are  always  advised, 
at  any  rate,  to  take  six  months'  practical  experience  first, 
but  there  is  no  absolute  rule  about  it. 

Mr.  McTrusty,  the  Mining  Lecturer  at  the  County 
Mining  School  at  Nuneaton,  does  not  agree  that  previous 
underground  experience  is  necessary  from  a  practical  point 
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of  view,  although  no  doubt  it  may  be  advisable  from  a 
theoretical  point  of  view.  His  chief  objection  is,  that  the 
boys'  school  studies  are  broken  before  the  habit  of  system- 
atic and  continuous  thought  has  been  established,  and 
he  forgets  much  that  he  has  learnt.  He  also  thinks  that  it 
is  better  for  a  boy  of  17  to  be  under  mental  discipline  at  a 
college  than  to  be  left  to  his  own  devices  at  a  colliery. 
He  is  of  opinion,  however,  that,  before  advanced  and 
highly  specialized  mining  studies  are  undertaken,  it  is 
desirable  that  the  student  should  have  some  practical  ex- 
perience of  pit  work,  in  order  that  he  may  be  safeguarded 
against  becoming  too  theoretical  in  his  outlook,  and  in 
order  also  that  he  may  come  in  contact  with  the  human 
element  and  discover  the  part  this  plays  in  the  solution  of 
so  many  practical  problems. 

Mr.  H.  Da  vies,  the  Director  of  Mining  Instruction  in 
Glamorganshire,  considers  that  previous  practical  under- 
ground experience  is  necessary,  and  he  would  even  extend 
it  to  a  period  of  two  years.  But  he  assumes  that  during 
those  two  years  the.  student  would  keep  up  his  education 
in  mathematics  and  science  by  attending  evening  classes. 

At  Cardiff  University,  Principal  Griffiths  is  against 
making  it  a  hard-and-fast  rule  that  a  student  should  have 
previous  underground  experience,  and  Mr.  Price,  the  Min- 
ing Lecturer,  considers  that  if  a  boj-  goes  to  a  colliery  first 
he  forgets  his  mathematics  and  science. 

At  the  Treforest  School  of  Mines,  Principal  Knox  con- 
siders previous  underground  experience  essential,  and  at 
least  one  year  advisable.  At  present  it  is  not  insisted  on , 
Treforest  being  comparatively  a  new  school.  But  it  is  in- 
tended to  insist  that  a  student  must  get  a  minimum  of 
four  months'  practical  experience,  and  he  would  be  advised 
to  take  a  whole  vear.     Moreover,  it  is  intended  that  the 
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year  will  be  carefully  mapped  out.  The  colliery  manager 
will  be  asked  to  put  the  student  with  the  under-manager 
or  the  foreman  for  two  months,  making  the  two  under- 
ground inspections  to  be  made  during  a  shift ;  then  in  the 
surveying  office  for  a  month:  then  in  the  colliery,  work- 
shop, smithy  and  electrical  departments  for  three  months  ; 
and  then  underground  again  for  the  remainder  of  the 
period. 

It  will  be  seen  that  while  the  majority  of  those  we 
consulted  are  of  opinion  that  previous  practical  underground 
experience  is  desirable,  in  no  case  up  to  now  has  it  been 
insisted  upon. 

(4)  The  extent  of  practical   underground  training  which  is  ob- 
tained during  the  course  of  instruction  at  the  school. 

The  extent  to  which  this  varies  will  be  seen  by  a  per- 
usal of  the  various  syllabus. 

At  Newcastle  there  is  one  week';-  surveying  course  at 
Easter,  and  before  a  student  can  get  his  diploma  he  must 
work  underground  for  four  months.  This  is  done  by  pro- 
ceeding to  and  residing  at  a  colliery.  Professor  Louis  does 
not  think  it  advisable  for  a  university  or  school  to  take 
classes  underground  with  the  idea  of  teaching  them  mining, 
as  his  experience  is  that  only  those  who  have  a  fair  know- 
ledge of  the  subject  benefit  by  such  visits.  On  the  other 
hand,  he  is  always  anxious  for  his  senior  classes  to  visit 
any  rare  form  of  mining  work  (e.g.,  sinking  a  shaft  by 
cementation),  which  they  are  not  likely  to  see  often  in  the 
regular  routine  of  mining.  He  considers  that  regular  min 
ing  operations  are  best  learned  by  students  spending  their 
long  vacations,  that  is  to  s-ay,  several  months  on  end,  in 
one  mine  or  colliery. 

With  regard  to  Sheffield,  the  degree  and  diploma  course 
has  been,  up  till  quite  recently,  carried  out  on  an  entirely 
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different  principle  to  that  prevailing  in  any  other  univer- 
sity. The  students  worked  two  days  a  week  in  the  college 
and  four  days  a  week  in  the  mines. 

Although  this  course  of  study  is  still  offered,  it  has 
been  given  up  us  a  diploma  course,  chiefly  because  the 
Home  Office  declined  to  recognize  these  four  days  a  week 
as  practical  experience  before  sitting  for  a  first-class  mana- 
ger's certificate.  Without  entering  too  closely  into  the 
merits  and  demerits  of  this  system  from  the  point  of  view 
of  English  professional  practice,  we  find  that  the  majority 
of  opinion  was  decidedly  against  it. 

The  new  diploma  course  is  still  different  to  that  usually 
pursued  at  other  colleges.  The  students  now  spend  six 
months  at  the  college  and  six  months  at  the  mine.  And 
this  latter  six  months  is  recognized  by  the  Home  Office. 

At  Birmingham  it  is  insisted  that  each  student  does 
two  months'  practical  work  at  the  end  of  his  first  and  at 
the  end  of  his  second  year.  He  must  submit  a  diary, 
signed  by  the  manager,  saying  what  he  has  done,  and  he 
must  also  submit  a  written  report  of  his  work.  In  their 
third  year  students  are  sent  occasionally  to  mines  for  a 
day's  inspection,  upon  which  they  have  to  write  a  report. 

At  Wigan  a  similar  system  is  enforced  as  has  been 
recently  installed  at  Sheffield.  The  students  work  six 
months  (800  hours)  in  the  school,  and  not  less  than  four 
months  at  the  colliery.  This  system  has  been  in  vogue  for 
over  ten  years. 

At  Nuneaton  there  is  no  diploma  course,  the  school 
being  a  head  centre  for  various  kinds  of  evening  classes. 

At  Treforest  there  is  at  present  no  rule,  but  it  is  pro- 
posed that  the  student  shall  in  each  of  his  three  years  ob- 
tain four  months'  experience  underground. 

It  will  be  seen  that  at  all  the  schools  practical  under- 
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ground  training  is  obtained  during  the  course  of  instruction , 
and  that  at  the  majority  the  total  period  is  about  four 
months. 

(5)  The  advisability  or  otherwise  of  a  school  introducing  prac- 
tice in  mining  or  engineering  or  confining  itself  to  the 
teaching  of  principles,  the  student  gaining  his  practical  ex- 
perience in  mines  or  'works. 

There  appear  to  be  absolutely  two  schools  of  thought 
in  this  matter,  one  school  considering  that  it  is  the  func- 
tion of  a  school  of  mines  or  university  to  teach  principles 
only,  the  student  obtaining  his  practical  experience  at 
collieries,  works,  or  field  work  according  to  the  particular 
branch  of  engineering  or  geology  which  he  intends  to  take 
up.  The  other  schools  do  not  admit  this.  They  maintain 
that  engineering  of  all  kinds,  mining  and  geology  are  such 
practical  arts  that  they  must  be  taught  in  a  practical 
manner. 

We  should  say  that  in  order  to  pursue  this  subject 
satisfactorily,  we  enquired  as  to  what  was  done,  not  only 
the  mining,  but  in  the  other  various  branches  of  engineer- 
ing which  are  taught  at  the  universities  we  visited,  especi- 
ally as  regards  mechanical  engineering. 

Professor  Louis  of  Newcastle  is  decidedly  of  opinion 
that  it  is  not  the  duty  of  a  university,  nor  is  it  within  the 
scope  of  a  univers^ ,  to  teach  mining.  All  that  a  university 
can  or  should  teach  is  the  principles  upon  which  mining  is 
based,  and  he  considers  that  he  has  done  his  duty  if  he 
turned  out  men  so  prepared  that  they  are  capable  of  learning 
their  mining  work  rapidly  and  thoroughly  in  the  pit  itself. 
As  an  example,  he  said  that  although  he  would  be  very  glad 
to  have  a  set  of  boring  tools  to  illustrate  his  lecture  on  bor- 
ing, he  would  never  dream  of  putting  up  the  apparatus  in 
the  college  garden  and  teaching  his  students  how  to  drill  a 


172        TRANS.   MINING   &    GEOL.   INST.    OF   INDIA.     [Vol.  XI, 

deep  bore  hole.  These  and  kindred  matters  he  considers 
should  be  learnt  at  works. 

At  Leeds  we  found  very  much  the  same  view  taken. 
Professor  Pummel,  the  Professor  of  Mining,  is  of  the  same 
opinion  as  Professor  Louis,  and  the  Professors  of  Mechani- 
cal and  Electrical  Engineering  were  emphatic  in  putting 
forward  the  same  view.  They  point  out  that  the  time  for 
teaching  these  principles  is  all  too  short  for  teaching  them 
satisfactorily,  and  it  is  far  better  to  exclude  everything  but 
such  theoretical  teaching. 

It  must,  however,  be  noted  that  as  regards  mining  the 
abovenamed  gentlemen  make  two  exceptions,  and  these 
relate  to  the  teaching  of  surveying  and  assaying.  It  is 
agreed  on  all  hands  that  these  two  subjects  must  be  taught 
mining  students  at  the  schools  and  in  a  thoroughly  practi- 
cal way. 

At  Sheffield,  Professor  Armstrong,  the  Professor  of 
Mining,  agrees  that  it  is  no  use  trying  to  teach  practical 
mining  to  students.  He  considers  that  practical  mining 
can  only  be  taught  at  a  mine,  and  that  attempts  to  do 
such  work  in  the  college  buildings  have  nothing  but  a  win- 
dow dressing  value.  But  Professor  Ripper,  Professor  of 
Mechanical  Engineering,  holds  absolutely  different  views 
on  the  subject  of  his  own  Chair,  although  he  agrees  that 
the  argument  does  not  apply  to  mining.  He  considers 
that  the  art  of  mechanical  engineering  is  such  a  practical 
one  that  he  would  never  allow  students  to  spend  three 
years  in  learning  only  the  theory  of  it.  To  be  in  close 
touch  with  the  practical  side  of  the  subject  all  the  time 
was  the  only  way  to  produce  the  best  type  of  engineering 
student.  He  points  out  that  when  a  boy  leaves  college  and 
goes  to  a  works  he  does  not  get  taught — nobody  teaches 
him.     It  is  a  matter  of  hazard  at  what  particular  machine 
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he  will  be  put  to  work,  and  for  this  reason  Professor  Rip- 
per's students  undertake  a  thorough  practical  workshop 
course,  where  they  are  taught  how  to  use  machines  and 
tools  of  every  character.  Professor  Ripper  pointed  out 
that  Messrs.  Vickers  &  Co.,  a  large  engineering  works  at 
Sheffield,  send  their  articled  pupils  to  him  for  part  of  their 
training,  which  includes  this  workshop  course.  These 
pupils  attend  at  the  university  during  the  six  winter  months 
from  October  to  March,  and  they  devote  their  whole  time 
during  this  period  to  the  university  courses,  including 
everything  upon  the  time-table,  workshops  as  well  as  lec- 
tures and  laboratories.  Messrs.  Vickers  consider  that  the 
workshop  course  given  at  the  university  covers  a  number 
of  useful  matters,  which  are  not  dealt  with  by  them  in 
their  works.  Professor  Ripper  also  pointed  out  that  he 
professed  to  turn  out  students  who  were  ready  and  pre- 
pared to  take  posts  of  responsibility,  and  that,  as  a  matter 
of  fact,  students  were  passed  straight  from  his  course  to 
such  places  as  Woolwich  Arsenal,  where  they  started  as 
special  assistants  to  the  works  foremen. 

At  Birmingham  teaching  of  theory  is  parallel  with 
active  laboratory  work  of  a  very  practical  character.  Al- 
though this  is  particularly  the  case  on  the  subject  of  min- 
ing, the  laboratories  in  every  department  are  fitted  up 
with  this  idea.  Leading  firms  have  presented  engines  of 
every  description  and  of  the  newest  type.  The  students, 
including  mining  students,  are  expected  to  familiarize 
themselves  with  them  at  work,  to  assemble  the  machine 
parts  and  carry  out  tests  in  such  a  manner  that  could  not 
be  undertaken  in  a  work  operating  on  a  commercial  scale. 
Even  in  the  university  power-station  and  boiler-house  is 
this  practical  training  in  like  manner  carried  on.  In  civil 
engineering,  students  have  with  their  own  hands  to  make 
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such  things  as  reinforced  concrete  arches,  then  to  break 
them  under  pressure,  finding  whether  this  was  the  particu- 
lar pressure  at  which  they  should  have  broken,  etc.  Me- 
chanical students  are  taught  the  use  of  various  kinds  of 
machines,  and  Professor  Cadman  is  decidedly  of  opinion 
that  the  benefit  of  teaching  mining  in  this  way  is  exceed- 
ingly great.  For  the  mining  students,  there  is  even  a 
small  experimental  mine  in  the  college  grounds  fitted  up 
with  a  ventilating  fan  worked  electrically,  and  in  this  mine 
the  practical  teaching  of  the  laws  of  ventilation,  rescue 
work  and  surveying  are  carried  on.  Professor  Cadman  is 
emphatic  in  stating  how  extremely  useful  he  finds  this 
experimental  mine.  A  full  size  boring  plant  is  also  in- 
stalled capable  of  drilling  to  a  depth  exceeding  3,000  feet. 

It  must  be  noted  that  actual  mining — that  is  to  say, 
the  getting  of  coal  or  ores  and  repairing  and  timbering  the 
mine — is  of  course  not  carried  on,  and  Professor  Cadman 
would  not  attempt  to  teach  it.  In  the  college  rescue  work 
is  taught,  and  the  use  of  mining  machinery  is  also  taught 
by  practical  machines,  and  as  above,  students  have  to  work 
these  machines,  take  them  to  pieces,  etc.  There  are  also 
laboratories  for  rescue  work  and  mine  analysis.  The 
students  have  to  do  practical  fitting  and  foundry  work. 
The  idea  is  to  teach  the  theory  alongside  of  the  machines 
which  are  used  in  practice. 

At  Wigan  the  Birmingham  method  is  followed  as  far 
as  possible. 

Principal  Knox  at  Treforest  considers  that  both  New- 
castle and  Birmingham  go  somewhat  to  extremes.  He 
attaches  importance  to  teaching  principles  as  much  as  pos- 
sible for  the  first  two  years,  and  in  the  third  year  teaching 
their  application. 

Mr.  H.  Davies  is  in  favour  of  teaching  engineering  in 
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the  practical  way,  and  he  pointed  out  that  America  is 
absolutely  in  favour  of  teaching  engineering  in  this  way, 
and  in  his  opinion  the  great  number  of  students  attending 
justifies  the  policy  adopted. 

At  the  University  College  at  Cardiff  they  consider  cer- 
tain operations  might  be  taught  practically,  but  they  think 
that  it  is  very  easy  to  overdo  this. 

The  two  classes  of  opinion  are  very  sharply  divided, 
and  it  is  difficult  to  say  which  side  preponderates. 

B. — At  Evening  Classes. 

Their  scope  and  aim  and  courses  of  instruction  given. 

Generally  speaking,  the  evening  classes  aim  at  turning 
out  good  subordinate  officials  and  under-managers ,  who 
work  daily  in  the  mines.  The  courses  of  instruction  vary 
considerably,  from  teaching  at  various  centres  at  night 
students  who  have  been  at  work  in  the  mines  all  day,  lead- 
ing up  in  places  to  one-day-a-week  classes  at  schools  at- 
tached to  Universities  and  other  schools.  The  general  rule 
is  for  students  to  attend  these  classes  and  to  carry  on  their 
work  in  the  mines  during  the  same  period. 

While  we  found  that  students  at  the  various  schools  of 
mines  were  comparatively  few  in  number,  we  found  that 
students  were  attending  these  evening  classes  by  hundreds, 
considered  in  the  aggregate  over  the  United  Kingdom. 

As  we  have  explained  in  another  part  of  this  report, 
it  is  possible  that  in  future  the  instruction  given  at  even- 
ing classes  or  one-day-a-week  classes  will  not  be  sufficient 
to  enable  a  student  to  get  his  first-class  certificate.  The 
various  courses  of  instruction  at  the  centres  at  which  we 
enquired — and  they  may  be  taken  as  typical — are  given  in 
the  appendices.  Generally  speaking,  the  evening  classes, 
as  opposed  to  one-day-a-week  or  special  classes  at  school  of 
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mines,  are  managed  by  the  various  County  Councils,  while 
such  one-day-a-week  or  special  classes  are  arranged  for  by 
the  heads  of  the  various  universities  and  schools  of  mines 
concerned. 

The  teaching  of  the  evening  classes  is  done  either  by 
local  men,  such  as  colliery  managers,  or  school  teachers, 
or  by  special  travelling  teachers,  employed  and  sent  out 
by  the  County  Council. 

As  a  rule,  the  elementary  classes  are  taught  by  the 
former,  while  advanced  classes  are  taught  by  the  travelling 
teachers,  who  do  nothing  but  their  teaching  work. 

In  this  connection  we  would  quote  Mr.  Henry  Da  vies, 
the  Director  of  Mining  Instruction  for  the  Glamorgan 
County  Council,  as  to  the  relative  value  of  teaching  by 
local  teachers,  who  have  other  occupations,  and  of  teach- 
ing by  special  full-time  travelling  teachers.  He  was  empha- 
tically in  favour  of  the  latter  class,  and  pointed  out  that 
there  was  a  "  practice  "  in  teaching  as  well  as  a  "  practice" 
in  mining,  and  that  it  was  just  as  important  to  have  min- 
ing taught  by  a  practical  teacher  who  knew  how  to  teach , 
as  it  was  to  have  a  mine  managed  by  a  manager.  Fees  for 
these  classes  are  nominal,  usually  as  low  as  £2  per  subject 
per  year,  or  £4  for  all  subjects  per  year.  In  some  cases 
scholarships,  tenable  at  the  nearest  school  of  mines,  are 
offered  to  students  of  evening  classes. 

The  Glamorganshire  County  go  so  far  as  to  pay  the 
train  fares  of  advanced  students,  who  reside  more  than  2 
miles  from  the  evening  classes  which  they  wish  to  attend. 

Mr.  Davies  has  since  informed  us  that  the  above 
authority  is  now  erecting  seven  fully- equipped  laboratories 
in  different  convenient  centres,  in  order  to  have  all  prin- 
ciples taught  illustrated  by  demonstration  or  experiments. 

Evening  classes  in  mining  are  now  very  numerous  in 
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Great  Britain,  are  well  attended,  and  while  they  do  not 
give,  or  aim  at  giving,  as  high  a  standard  of  education  as 
that  given  at  schools  of  mines,  they  have  performed  and 
are  performing  amongst  others  the  very  useful  function  of 
raising  the  standard  of  technical  education  among  the  rank 
and  file  of  the  industry. 

C. — Generally. 

(i)  The  comparative  numbers  of  students  attending  the  various 
courses  of  instruction. 

As  far  as  we  have  been  able  to  obtain  the  figures,  this 
information  will  be  found  in  the  appendices. 

Excluding  Birmingham  and  Treforest,  the  average 
number  of  full-time  students  at  schools  of  mines  is  9.  The 
figures  for  Birmingham  and  Treforest  are  larger,  being  29 
and  27,  respectively.  If  students  taking  the  course  in 
petroleum  mining  engineering  at  Birmingham  are  added , 
the  above  figure  at  this  school  is  increased  to  40. 

(2)  The  extent  to  which  colliery  owners,  mining  engineers  and 
workmen's  representatives  —  either  or  all  of  them  —  are 
represented  on  the  Boards  of  Control,  the  extent  to  which 
they  are  able  to  influence  the  course  of  instruction,  and 
the  extent  to  which  they  contribute  to  the  support  of  the 
-    Institution. 

We  attach  considerable  importance  to  this  point, 
because  it  appears  to  us  that  there  is,  with  regard  to  the 
schools  attached  to  some  of  the  Universities,  not  sufficient 
cohesion  and  mutual  understanding  between  the  mining 
community  and  the  staff  of  the  University,  and  we  have 
been  struck  by  the  fact  that  where  this  cohesion  and  mu- 
tual underscanding  does  exist,  the  schools  appear  to  be  in 
a  much  more  flourishing  condition  and  the  number  of  stu- 
dents attending  is  considerably  larger. 
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We  do  not  care  to  make  comparisons  by  name  in  this 
matter,  but  would  like  to  draw  attention  to  the  new  school 
of  mines  at  Treforest  in  South  Wales,  the  funds  for  which 
have  been  provided  by  certain  of  the  South  Wales  coal 
owners,  who  have  put  a  tax  upon  their  output  of  coal  of 
one-tenth  of  a  penny  per  ton  for  the  purpose.  The  board 
of  management  is  in  the  hands  of  colliery  owners  and  min- 
ing engineers,  together  with  the  principal  of  the  school. 
This  is  the  only  case  where,  as  far  as  we  have  been  able  to 
ascertain,  such  contribution  is  levied  and  such  direct  con- 
trol exists.  Although  the  school  has  been  in  existence  for 
a  little  over  a  year,  it  is  already  in  a  flourishing  condition, 
and  we  cannot  help  predicting  a  great  success  for  this  par- 
ticular school. 

In  the  case  of  the  other  schools  visited,  while  no  direct 
contribution  is  made  by  coal  owners  and  no  direct  control 
is  exercised  by  them,  indirect  financial  aid  is  generally 
given  and  a  certain  amount  of  representation  obtained. 

Birmingham  is  the  best  instance  of  this  system.  Here 
financial  assistance  has  in  the  past  been  freely  given  to  the 
university  in  the  shape  of  donations,  the  donation  in  one 
case  being  £100,000.  The  coal  owners  have  no  direct  con- 
trol over  the  mining  department,  but  several  coal  owners 
are  members  of  the  University  Court  and  one  is  a  member 
of  the  council. 

APPLICATION  TO   INDIA. 

We  now  come  to  consider  the  application  of  the  fore- 
going to  India.  We  must  point  out  that  the  conditions 
appertaining  to  mining  in  India — we  refer  now  especially 
to  coal  mining — are  approaching  British  conditions  as  re- 
gards elements  of  danger  and  complexity  of  methods,  that 
is  to  say,  the  dangers  are  being  increased  and  the  proper 
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application  of  the  methods  to  deal  with  them  are  necessi- 
tating a  higher  technical  knowledge. 

Indian  mining  is  regulated  by  a  Mines  Act  as  in  Eng- 
land, and  this  Act  provides  that  for  every  mine  there  shall 
be  a  manager,  who  is  responsible  for  the  safe  working  of 
the  mine.  This  entails  the  maintenance  of  a  staff  of  sub- 
ordinate officials,  to  make  the  necessary  inspections  and 
carry  out  various  duties,  in  order  to  see  that  the  many 
dangers  connected  with  mining,  occurring  as  they  do  daily 
and  hourly,  are  minimised. 

The  problem  in  India,  as  regards  coal  mining  educa- 
tion, is,  we  submit,  twofold  :  firstly ,  it  is  necessary  to  train 
technically  the  colliery  manager,  and,  as  far  as  possible,  to 
make  India  self-supporting  in  this  respect;  secondly,  it  is 
necessary  to  train  technically  the  subordinate  colliery  offi- 
cial, with  whom  we  include  the  second-class  certificated 
manager. 

We  propose  briefly  to  refer  to  the  above  two  problems 
seriatim. 

Education  of  the  Colliery  Manager. 

As  we  have  stated  before,  there  are  three  methods  of 
imparting  mining  instruction:  firstly,  by  evening  classes, 
including  one-day-a-week  classes;  secondly,  h\  a  mining 
department  associated  with  an  engineering  college  or  a 
university,  or  both,  and,  thirdly ,  by  a  self-contained  school 
of  mines. 

As  regards  evening  classes,  our  investigation  has  led 
us  to  the  conclusion  that,  while  these  classes  are  essential 
for  the  education  of  subordinate  colli ery  officials,  they  can- 
not suffice  in  India  for  that  of  the  first-class  certificated 
colliery  manager,  if  the  Indian,  or  European  born  in  India, 
is  to  take  the  place  of  the  colliery  manager  from  England. 
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In  new  countries,  speaking  from  the  mining  point  of  view 
of  which  India  is  typical,  mine  managers  have  to  do  much 
for  themselves,  which  in  England  they  can  get  done  for 
them,  and  we  think  that  a  technical  training  is  of  special 
importance  to  tne  Indian  mine  manager. 

We  feel  convinced  that  a  School  of  Mines  is  the  best 
way  to  effect  such  training.  The  question  remains,  should 
it  be  attached  to  a  University  or  Engineering  College,  or 
should  it  be  self-contained.  There  are  no  doubt  many  ad- 
vantages in  attaching  a  school  of  mines  to  a  university  or 
a  large  engineering  college.  It  was  specially  impressed 
upon  us  by  the  Vice-Chancellor  of  Leeds  University  what 
a  great  moral  and  intellectual  good  is  obtained  by  a  young 
student  who  is  preparing  for  any  profession,  having  to  rub 
shoulders  and  exchange  ideas  with  students  preparing  for 
other  professions.  It  was  also  pointed  out,  from  the  eco- 
nomical point  of  view,  how  much  more  advantageous  it 
was  for  mining  students  to  obtain  their  necessary  training 
in  Mathematics,  Chemistry,  Physics,  Mechanical  and  Elec- 
trical Engineering,  all  of  which  are  necessary  for  the  modern 
mine  manager,  in  company  with  students  taking  up  other 
branches.  At  the  mining  school,  which  is  one  department 
of  the  University  of  Leeds,  all  the  engineering  students, 
including  mining  students,  do  their  Mathematics  and 
Science  together.  The  mining  students  use  the  same 
laboratories  for  mechanical  and  electrical  engineering  as 
students  who  are  going  in  for  those  two  branches  only. 

Against  this  it  was  pointed  out  to  us  that  it  would  be 
better  for  mining  students  to  be  taught  Chemistry  and 
Physics,  etc.,  in  classes  confined  to  such  students,  as  in 
that  case  the  course  of  instruction  could  be  specialized  in 
accordance  with  the  subsequent  requirements  of  the 
student . 
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Considering,  however,  all  our  needs  and  our  situation 
in  India,  and  assuming  our  coalfields  to  be  at  Sheffield, 
and  Calcutta  to  be  London ,  we  put  the  following  question 
to  Professor  Ripper  of  Sheffield  : — Supposing  there  were 
no  University  nearer  than  London  and  it  were  a  case  of 
attaching  a  school  of  mines  to  it  and  making  a  young  man 
go  from  Sheffield  to  London  to  attend  it,  or  of  putting  a 
self-contained  school  of  mines  in  Sheffield,  which  of  the 
two  schemes  would  he  advocate  ?  Professor  Ripper  replied 
in  that  case  of  course  he  would  advocate  a  self-contained 
school  of  mines  in  Sheffield. 

In  India,  this  would  be  equivalent  to  erecting  a  school 
of  mines  in  the  coalfields,  much  on  the  lines  of  the  school 
at  Treforest,  and  we  are  of  opinion  that  this  would  be  a 
correct  policy  to  pursue.  We  consider  that  such  a  school 
of  mines  should  be  entirely  self-contained,  that  is  to  say, 
both  the  necessary  Science  and  Mathematics  should  be 
taught  there,  as  well  as  mining.  In  the  case  of  Treforest 
(see  appendix  VT)  students  proceed  on  certain  days  in  the 
week  to  a  University,  n  miles  away,  for  their  scientific 
and  mathematical  instruction.  These  conditions  do  not 
apply  to  India,  and  we  consider  that  the  course  at  the 
school  should  be  a  complete  one. 

When  the  idea  of  establishing  a  school  of  mines  at 
Treforest  was  first  mooted,  Professor  Louis  of  Newcastle 
was  consulted ,  and  in  appendix  VI  will  be  found  his  report 
and  also  a  memorandum  made  thereon  by  Mr.  G.  Knox, 
who  was  appointed  Principal  on  the  opening  of  the  school, 
showing  the  points  in  which  the  scheme,  as  developed, 
differed  from  the  report. 

It  may  be  argued  that  to  cut  off  a  school  of  mines 
from  a  University  connection  will  make  it  impossible  to 
create  a  degree  in  mining,  such  as  the  B.Sc.  degree  in  min- 
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ing  at  the  English  universities.  We  do  not  consider  it 
advisable  to  create  such  a  degree  in  India,  at  any  rate  for 
some  years.  The  diploma  course  will  be  sufficient  to  give 
an  education  necessary  for  our  present  needs,  and  to  create 
a  mining  degree  would  be  in  our  opinion  to  overweigh  the 
school. 

We  therefore  advise  that,  for  the  education  of  the  col- 
liery manager,  a  school  of  mines  should  be  established  at 
Dhanbad  or  Asansol,  and  we  would  even  go  to  the  extent 
of  advising  the  Government  of  India  that  if  such  a  school 
of  mines  as  we  advocate  is  built,  the  standard  of  know- 
ledge required  for  the  first-class  colliery  manager's  certifi- 
cate in  India  should  be  such  as  can  only  be  obtained  by  a 
course  at  this  school. 

At  the  same  time  we  wish  to  point  out  that  if  such  a 
school  is  to  be  a  success,  it  is  essential  that  it  should  be 
recruited  from  every  province  in  India.  The  schools  of 
mines  in  England  are  situated  in  the  midst  of  densely- 
populated  industrial  areas,  and  there  are  large  communities 
from  which  mining  students  may  be  drawn.  This  is  not 
so  in  India,  whose  coalfields  are  sparsely  populated.  Not- 
withstanding, it  is  a  noteworthy  fact  that,  so  far,  such 
colliery  managers  and  officials  as  are  obtained  in  India  are 
confined  practically,  both  as  regards  Europeans  born  in 
India  and  as  regards  Indians,  to  those  who  live  in  the 
neighbourhood  of  the  coalfields.  We  think  this  unfortu- 
nate for  the  country,  the  industry,  and  the  individual,  and 
we  consider  that  whatever  forms  of  mining  education  are 
adopted,  such  education  should  be  open  to  the  whole  of 
India.  We  have  alluded  to  making  India  self-supporting 
as  regards  its  mine  managers.  In  our  opinion,  colliery 
management  does  open  a  large  and  lucrative  field  of  em- 
ployment for  the  Indian  and  for  the  European  born  in 
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India,  the  latter  class  of  whom  especially  are,  owing  to 
their  ever-increasing  numbers,  finding  it  more  and  more 
difficult  to  obtain  suitable  employment  in  the  country  and, 
with  this  in  view,  and  with  the  success  of  such  a  school  in 
view,  we  consider  that  it  should  be  recruited  from  any 
province  in  India,  and  that  every  advantage  should  be 
taken  of  the  very  large  field  which  the  entire  country 
affords.  In  every  province  and  in  every  way  the  advan- 
tages of  a  mining  career  should  be  advertised,  and  the 
assistance  and  co-operation  of  local  Governments  sought. 

The  Education  of  the  Subordinate  Official. 

In  England  the  sole  method  of  educating  the  subordi- 
nate official  is  by  means  of  evening  classes,  whereby  he  can 
obtain  theoretical  instruction,  concurrently  with  the  earning 
of  his  livelihood,  and  we  do  not  think  that  this  method 
can  be  improved  on  in  India.  We  have  referred  to  the 
existence  of  a  Mines  Act  in  this  country,  and  it  is  highly 
probable  that  in  the  very  near  future  Government  will  im- 
pose more  stringent  regulations  as  regards  the  management 
of  mines  than  heretofore,  and  it  is  only  by  an  army  of  in- 
telligent officials  that  such  regulations  can  be  carried 
out. 

Evening  classes  have  been  held  in  the  coalfields  for 
the  last  ten  years.  For  the  first  five  years  the  lectures 
were  given  by  a  whole-time  Government  teacher;  but  from 
the  end  of  that  period  the  duties  have  been  performed  by 
local  colliery  managers.  We  do  not  consider  the  latter 
system  has  been  an  unqualified  success,  and  we  would 
invite  reference  to  the  remarks  made  by  Mr.  Henry  Davies, 
quoted  on  page  176. 

These  classes  have  offered  no  preliminary  scientific 
education.     Although  this  is  obtained  so  easily  in  England, 
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it  is  difficult  to  obtain  it  in  India,  and  to  obtain  it  locally 
is  impossible.  Provision  should  be  made  at  these  evening 
classes  for  so  obtaining  it. 

We  therefore  recommend  that  for  the  education  of 
the  subordinate  official  at  evening  classes  — 

(a)  the  teaching  should  be  conducted  by  whole-time 

teachers ; 

(b)  the   classes   should    offer   preliminary   scientific 

training  similar  to  that  detailed  in  the  appendi- 
ces of  this  report ; 

(c)  a  close  connection  should  be  maintained  between 

the  evening  classes  and  the  school  of  mines, 
and  that  there  should  be  one  governing  body 
for  the  two. 

We  now  consider  the  various  points,  to  which  we  paid 
special  attention  in  England,  with  regard  to  their  applica- 
tion to  India. 

A. — At  Schools  of  Mines  whether  or  not 
attached  to  Universities. 

(i)   Scope  and  aim  of  the  school,  and  courses  of  instruction. 

We  have  submitted  that  the  chief  aim  of  the  school 
should  be  to  train  technically  colliery  managers,  but  in 
view  of  the  importance  of  correct  surveying  in  mines  and 
the  difficulty  at  present  existing  in  India  in  acquiring  in- 
struction in  mine  surveying,  we  consider  that  a  special 
course  should  be  offered  to  those  who  intend  to  become 
mine  surveyors. 

As  the  school  developed  it  would  fulfil  other  useful 
functions  in  the  shape  of  training  prospectors,  the  provi- 
sion of  special  courses  for  those  employed  regularly  in  the 
mines  and  affording  assistance  to  the  industry  by  testing 
materials,  gases,  etc. 
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With  regard  to  the  courses  of  instruction  given ,  we 
concur  with  the  committee  who  reported  on  this  matter  in 
the  cold  season  of  1913-14  that  the  school  should  offer  a 
diploma  course  of  three  years  in  mining  and  a  one-year 
certificate  course  in  surveying.  It  is  possible  that  after 
perusing  the  various  syllabus  detailed  in  the  appendices 
the  governing  body  may  see  fit  to  alter  slightly  the  sylla- 
bus advocated  by  the  committee.  The  courses  of  instruc- 
tion in  special  classes  should  be  left  to  the  discretion  of 
the  governing  body  as  the  need  for  them  arose. 

(2)  Extent  of  preliminary  knowledge  of  arts  and  science  re- 
quired before  admission  to  the  school,  and  the  place  where 
this   preliminary  knowledge  is  gained. 

Although  it  would  be  useless  to  attempt  to  teach  the 
instruction  comprised  in  a  diploma  course  to  a  student 
who  had  little  or  no  knowledge  of  English  and  Mathema- 
tics, still  we  consider  that  the  standard  should  not  be  too 
high.  We  would  advise  for  the  diploma  course  an  entrance 
examination  demanding  an  elementary  knowledge  of  the 
above  subjects,  the  standard  being  fixed  by  the  governing 
bod\-.  Such  examination  should  be  held  by  the  Principal 
of  the  school.  We  do  not  consider  it  necessary  or  advis- 
able that  the  School  should  teach  this  preliminary  know- 
ledge. 

(3)  Whether   practical  experience   underground  before  entering  the 

school  is  essential  or  advisable. 

We  stated,  with  regard  to  this  question  in  England, 
that  while  the  majority  of  opinion  leans  to  the  desirability 
of  previous  practical  underground  experience,  in  no  case 
up  to  now  has  it  been  insisted  upon.  It  should  however 
be  pointed  out  that  the  great  majority  of  English  youths 
who  become  colliery  managers  are  born  in  mining  districts. 
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are  brought  up  in  a  mining  atmosphere  and  from  early- 
youth  are  familiarised  with  mining  conditions  and  expres- 
sions. This  is  not  the  case,  as  a  rule,  in  India,  and  we 
consider  that  previous  practical  experience  is  necessary  in 
India  and  for  a  period  of  at  least  eight  months ;  but,  as 
the  result  of  our  investigation,  we  consider  that  the  student 
may,  if  he  desires,  obtain  this  experience  before  the  com- 
mencement of  his  second  year,  instead  of  before  the  com- 
mencement of  his  first  year.  If  the  latter  course  were  in- 
sisted upon,  prospective  students  living  in  parts  of  India, 
remote  from  the  school,  might  be  discouraged  from  appli- 
cation for  entry  by  the  possible  difficulty  of  obtaining  such 
practical  experience.  On  the  other  hand,  if  required 
before  the  second  year,  the  student  would  attend  the 
school  for  a  year  (doing  general  Science  work  in  that  year) 
and  be  able  to  make  arrangements  for  his  practical  experi- 
ence through  the  school  authorities. 

The  hearty  co-operation  of  the  mining  community  is 
absolutely  essential  in  regard  to  the  provision  of  facilities 
for  obtaining  such  practical  experience. 

(4)   The   extent   of  the  practical   underground    training  necessary 

during  the  course. 

In  view  of  the  recommendation  made  in  the  foregoing 
paragraph,  we  do  not  think  any  further  practical  experience 
during  the  course  is  required  beyond  that  obtained  in  visits 
to  mines  and  in  a  cold  weather  Surveying  Camp. 

We  quoted  Professor  Louis  on  the  point  of  visits  to 
mines.  We  are  of  opinion  that  in  India  it  is  advisable 
that  students  should  be  taken  down  mines  in  classes  from 
time  to  time  and  that  various  matters  and  processes  should 
be  pointed  out  and  explained  to  them. 
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(5)  The  advisability  or  otherwise  of  a  school  introducing  prac- 
tice in  Mining  or  Engineering  or  confining  itself  to  the 
teaching  of  principles,  the  student  gaining  his  practical  ex- 
perience  in   mines  or  works. 

We  summed  up  expert  opinion  in  England  on  this 
question  as  being  very  sharply  divided  and  that  it  was 
difficult  to  say  which  side  preponderates.  Coming  to  the 
teaching  of  the  prospective  colliery  manager  in  India  we 
are  decidedly  of  opinion  that  side  by  side  with  the  teach- 
ing of  principles,  he  should  be  taught,  wherever  possible, 
how  to  apply  them.  This  refers  particularly  to  Mechani- 
cal Engineering  which  should  form  a  large  proportion  of 
his  course.  We  are  led  to  this  conclusion  to  a  great  extent 
by  the  fact  that  boys  in  India  are  much  too  apt  to  absorb 
readily  the  theoretical  side  of  any  subject,  at  the  expense 
of  the  practical,  and  colliery  management  is  essentially  a 
practical  occupation.  To  take  the  concrete  example  of 
fitting-shop  work,  while  the  theory  of  Mechanical  Engin- 
eering can  be  obtained  through  lectures,  only  a  prolonged 
course  of  practical  fitting-shop  work  will  make  a  man  a 
good  Mechanical  Engineer.  While  it  would  not  be  possible 
in  the  time  allowed  in  the  course  for  a  school  of  mines  to 
turn  the  mining  student  out  a  mechanical  expert,  still  we 
think  he  should  be  taught  to  use  with  his  own  hands  the 
principal  tools  and  machines  usually  found  at  a  colliery. 
Take  again  the  case  of  Geology.  In  addition  to  being 
taught  the  principles  of  Geology,  the  student  should  be 
shown  during  the  course  how  to  apply  them  in  the  field, 
i.e.  how  to  map  a  given  area,  and  how  to  give  an  opinion 
and  estimate  of  its  economic  value. 

But,  even  if  such  a  practical  work  be  taught  at  the 
school,  we  regard  it  of  the  highest  importance  that  it  should 
be  impressed  on  the  student  throughout  his  course  that 
only  prolonged  actual  underground  experience  in  a  mine 
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can  equip  him  completely  for  his  profession,  and  that  he 
cannot  expect  to  go  directly  from  a  school  of  mines  to  a 
position  of  responsibility  and  high  pay.  The  mining  career 
of  more  than  one  Indian  youth  has  been  wrecked  for  want 
of  realisation  of  this  outstanding  fact.  After  his  college 
course  a  student  must  proceed  to  a  colliery,  and  learn 
practical  mining,  but,  having  obtained  his  Diploma  he 
should  be  worth  a  living  wage,  as  a  Colliery  Assistant,  to 
any  colliery  owner,  while  doing  so.  There  again,  much 
may  result  from  the  practical  co-operation  of  the  mining 
community  with  the  school  authorities.  With  the  benefit 
of  his  college  course,  his  subsequent  practical  experience 
and  his  successful  passing  of  the  colliery  manager's  exam- 
ination, the  quondam  student  should  be  able  to  command 
a  position  of  responsibility  and  good  pay. 

B. — At  Evening  Classes. 

Their  scope  and  aim,  and  courses  of  instruction  given. 

We  have  already  made  it  clear  that  the  scope  of  these 
classes  should  be  the  education  of  the  subordinate  official, 
and  we  have  stated  that  with  this  class  we  include  the 
Second  Class  Colliery  Manager.  The  instruction  given 
should  be  that  necessary  for  the  latter  to  obtain  his  certi- 
ficate and  nothing  higher  should  be  aimed  at.  We  suggest 
that  the  preparatory  course  and  first  two-years'  mining 
course  of  the  Glamorganshire  County  Council  classes  might 
be  taken  as  a  model. 

We  have  pointed  out,  in  discussing  the  scope  and  aim 
of  evening  classes  in  England,  that  one  County  Council 
goes  as  far  as  to  pay  train  fares  to  students  in  certain  cases. 
In  India  travelling  is  even  more  difficult  and  in  propor- 
tion to  the  subordinate  official's  pay  more  expensive  than 
in  England.     We  think  that  some  assistance  should   be 
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given  to  students  who  have  to  travel  long  distances  to  the 
classes. 

C. — General. 

(i)  The   comparative    numbers    of  students  attending  the  various 
courses  of  instruction. 

As  in  England,  from  the  nature  of  the  positions  in  life 
aimed  at,  it  must  necessarily  follow  that  far  more  students 
will  attend  evening  classes  than  will  attend  a  school  of 
mines.  In  fact  with  regard  to  the  former  it  is  very  unlike- 
ly that  there  will  ever  be  a  lack  of  students.  With  regard 
to  the  latter,  we  see  no  reason  to  doubt  that,  at  any  rate 
when  the  school  has  been  established  a  few  years,  the 
figures  reached  at  Birmingham  and  Treforest  will  be 
equalled. 

(2)  The  extent  to  which  colliery  owners,  mining  engineers  and 
workmen's  representatives  either  or  all  of  them  are  represented 
on  the  Boards  of  Control.  The  extent  to  which  they  are  able 
to  influence  the  courses  of  instruction,  and  the  extent  to 
which  they  contribute  to  the  support  of  the  institutions. 

If  this  matter  is  of  importance  in  England,  it  is 
equally  so  in  India,  and  it  is  essential  that  the  interest  and 
co-operation  of  the  mining  community  should  be  secured. 
And  we  would  even  venture  to  express  the  opinion  that 
this  can  best  be  effected  by  allowing  them  to  have  a 
majority  on  the  Governing  Body  of  the  school  and  evening 
classes,  and  that  the  Governing  Body  should  have  a  very 
free  hand  in  the  control  of  the  courses  from  the  Entrance 
Examination  upward. 

In  our  opinion  such  a  Governing  Body  would  best 
consist  of  the  Chief  Inspector  of  Mines  in  India,  with  the 
Principal  of  the  School,  who,  as  an  officer  in  the  Education 
Department,  would  act  as  Secretary  and  be  the  necessary 
channel   between  the  Governing  Body  and  Government. 
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The  remaining  members  should  consist  of  commercial  and 
technical  representatives  of  the  mining  community. 

With  regard  to  the  extent  to  which  the  mine  owners 
should  contribute  to  the  support  of  mining  education,  we 
have  endeavoured  to  show  that  this,  at  any  rate  in  some 
cases,  obtains  in  England.  We  feel,  however,  that  it  is 
beyond  our  province  to  make  any  definite  recommenda- 
tion to  Government  on  this  matter. 

G.  F.  ADAMS. 

E.  H.  ROBERTOX. 

GLEN  GEORGE. 


APPENDIX    I. 


UNIVERSITY    OF   DURHAM. 

Armstrong  College,  Newcastle  on  Tyne. 

General. 

The  college  is  situated  in  the  north  of  England  coalfield  and  serves 
a  population  of  i  to  il  millions,  the  industries  being  chiefly  engineer- 
ing and  mining. 

The  college  is  a  constituent  college  of  the  University  of  Durham 
and  was  founded  in  1871. 


The  courses  offered  are:  — 

(a)  Agriculture  and  Forestry. 

(b)  Commerce. 

I  Mechanical. 

(c)  Engineering  '  Civil. 

'  Electrical. 


(d)  Naval  Architecture, 
(c)  Metallurgy. 
(/')  Mining  and   Mine-Survey- 
ing. 


The  average  number  of  students  attending  mining  course  is  niue. 
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Mining  and    iVIine-sm veying  Courses. 

Three  courses  are  offered  : — 

(a)  A  degree  course,  in  which  a  degree  of  '  Bachelor  of  Science  in 

Mining '  can  be  obtained. 
(6)  A  diploma  in  Mining  Course,  in  which  a  diploma  in  mining 

can  be  obtained. 
(c)  A  diploma  in  Mine  Surveying  Course,  in  which  a  diploma  in 

Mine  Surveying  can  be  obtained. 

Degree   Course. 

Entrance  Qualification. — The  Matriculation  Examination  of  the 
University  of  Durham  or  its  equivalent  is  the  entrance  qualification  for 
this  course. 

The  course  then  entails  a  three-year  attendance  at  the  College. 
First  year. — This  consists  of  general  scientific  and  engineering  sub- 
jects but  no  mining  or  special  subjects,  and  is  as  follows: — 

Hours 
per  week. 

(a)  Mathematics  . .  . .  . .       4 

...   „,      .  (Lectures       3  hours  > 

W  Physlcs      ••  ^Laboratory  6     .,      \~       9 

,  ,  ™  f  Lectures       3     „       1 

(c)  Chemistry  . .  . .  j  Laboratory  6     "      {  • '       9 

(d)  Mechanics  and  Mechani-  ( Lectures       2     .,       /  „ 

cal  Drawing.  ?  Drawing       6     ,,       | 

Total  . .      30 

To  deal  with  these  in  detail — 

{a)  Mathematics. — Mining  Degree  students  attend  Mathematics 
in    common    with    the    arts,    commerce    and    the    science 
students. 
The  curriculum  can  be  summarised  as  follows  : — 
Geometry  up  to  Euclid  Book  VI. 

Algebra  up  to  Binomial  Theorem  and  Use  of  Logarithms. 
Trigonometry  including  solution  of  Triangles. 
Elements  of  Conic  sections  (Geometrical). 

(£>)   Physics. — Mining  Degree  students  attend  Physics  in  common 
with  other  science  students. 
Curriculum. — Experimental  Mechanics,   Hydrostatics  and  Pneuma- 
tics,  Heat   (including    calorimetry    work).    Electricity    and    Magnetism 
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(general  elementary  principles).  Sound  and  Light  (including  microscope, 
telescope  and  spectroscope). 

(c)  Chemistry. — Mining  Degree  students  attend  Chemistry  in  com- 
mon with  other  science  students. 

Curriculum. —Elementary  and  Introductory  Chemistry,  but  ar- 
ranged to  be  useful  to  students  who  will  eventually  devote  themselves 
to  a  a  applied  Science,  such  as  Metallurgy. 

(d)  Mechanics  and  Mechanical  Drawing. 
Mining  Degree  students  attend  this  in   common  with  Engineering 
Students. 

Curriculum. — Statics  up  to  Determination  of  Centre  of  Gravity  of 
simple  bodies,  Dynamics  up  to  Newton's  Laws  of  Motion,  Elementary 
Hydraulics,  Steam  and  Steam  Engine. 

Practical  Geometry — plain  and  descriptive. 

Simple  Machine  Drawing  and  Design,  including  dimensioning  and 
drawing  from  actual  machine  parts. 

It  will  be  noted  that  in  the  first  year  the  relative  proportions  of 
lecture  on  theoretical  work  to  laboratory  or  practical  work  are  as  2  to  3. 

Second  year. — The  subjects  are  : — 


Hours 

per  week. 

(a)  Geology 

1  Lectures           5  hours 
)  Practical           3     ,, 
(  Lectures           3      ,, 

}..     . 

(b)  Applied  Mechanics 

.  .  <  Laboratory  ) 

I  Practical      )          " 

••       15 

) 

(c)  Chemistry  . . 

( Lectures           2    ,. 
{ Laboratory    10    „ 

J..    „ 

Total  . .     35 

It  will  be  noted  that  in  the  second  year  the  relative  proportions  of 

lecture  or  theoretical  work  to  laboratory  or  practical  work  are  as   1  to 

2|. 

To  deal  in  detail  with  the  curriculum. 

(a)  Geology. — Mining  students  do  this  in  common  with  other  Science 
students.  Elementary  Petrology  and  Physical  Geography  Classifica- 
tion of  rocks  and  fossils  with  special  reference  to  British  Isles.  Map 
work  in  connection  with  Field  Geology. 
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(b)  Applied  Mechanics. — Mining  students  do  this  in  common  with 
other  Engineering  students. 

Curriculum. — Advanced  Statics  up  to  Bending  Diagrams.  Hydro- 
statics up  to  Buoyancy  and  Flotation. 

Dynamics  up  to  Harmonic  Motion,  Governors,  Flywheels,  Hydrau- 
lics up  to  Flow  through  orifices  and  pipes  and  Pelton  Wheel. 

Kinematics  of  Machinery  up  to  Epicyclic  Gears  and  Parallel  Mo- 
tions. Elements  of  Thermo  Dynamics,  including  Entropv.  Tempera- 
ture, diagrams,  boiler  proportions  and  design. 

(c)  Chemistry. — Mining  students  do  this  in  common  with  other 
Science  students 

Curriculum — 

Commoner    Metals   and  their  Revision  of  Non-Metallic  Ele- 

extraction  from  Ores.  ments. 

Determination      of      Atomic  Outlines  of  Organic  Chemistry. 

Weights.  Analytical  Chemistry. 
Third  year — 


Hours 
per  week. 

(.()  Mining  and  Dress-  |  Lectures  3  hours  \ 

ing  of  Minerals     (  Demonstrations  2  hours  /  ' 

(4,s»n,eytag     ..{seals'-      i-  j 

(f)  Metallurgy       a  n  d/ Lectures  1  hour    ..  I 

Assaying  \  Practical  12  hours  J' 

»»*-*     ..us'    :;  }■■  _» 

Total  . .       30 

It  will  be  noted  that  in  the  third  year  the  relative  proportion  of 
lecture  or  theoretical  work  to  laboratory  or  practical  work  is  2  to  3. 
To  deal  in  detail  with  the  Curriculum. 

(<7)  Mining  and  Dressing  of  Minerals — 

Mining   Jurisprudence.  Drainage. 

Prospecting.  Ventilation. 

Shaft-sinking.  Miscellaneous. 

Methods  of  working.  Sizing  Minerals. 

Transport.  Crushing     ,, 

Winding.  Hydraulic  Dressing. 


1<)4       TRANS.   MINING    &    GEOL.   TNST.   OF   INDIA.     [Vol.  XI, 


Other  Methods  of  Sepa-  Coal  Washing, 

ration.  Gold  Milling. 

Mining  students  do  this  in  common  with  no  other  students. 

{b)  Mine  Surveying. — Mining  students  do  this  in  common  with 
Civil  and  General  Engineering  students. 

Surveying,  including  T riangulatiou,  connection  of  underground  and 
surface  surveys,  calculating  areas  and  ore  reserves,  setting  out  curves 
and  tacheometry. 


(c)  Metallurgy — 

Metals  and  Alloys. 
Furnace  Operations. 
Extraction  of  Various  Me- 
tals from  Ores. 

(d)  Engineering — 

Materials  of  Construc- 
tion. 

Advanced  Study  of 
Steam. 

Indicator  Diagrams 
and  actual  indicating 
and  testing  of  En- 
gines. 

Oil  and  Gas  Engines. 

Turbines. 

Theory  of  Structure. 

Elasticity  of  Materials. 


Examination  of  Coal. 
Dry  Assaying. 


Actual  Tests  of  strength  of 

materials. 
Electrical  Units    and   Mea- 
surements. 
Theory  of  Continuous  Cur- 
rent Dynamo. 
Alternating    Current   Gene 

rators. 
Electric  Lighting. 
Electric  Mining  Machinery. 
Methods  of  connecting  and 

Testing  of  Dynamos. 
Indicating. 

In  the  whole  course  the  proportion  of  lecture  work  to  laboratory 
or  drawing  office  work  is  as  I  to  2. 

Diploma  Course. 

This  is  a  shorter  course  and  is  intended  for  students  who  are  not 
equal  to  the  requirements  of  the  degree  course,  or  who  cannot  afford 
the  time  for  the  degree  course  and  who  do  not  possess  the  entrance 
qualifications. 

It  is  a  two-year  course  only. 

No  entrance  qualification  is  postulated,  but,   as  a  matter  of  fact, 
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students,  whose  preliminary  education  is  so  deficient  as  to  render  any 
benefit  from  the  course  unlikely,  are  discouraged  by  the  College  autho- 
rities. 


First  year — 

Mathematics 

Physics     . . 

Chemistry 
Applied  Mechanics 
Geology    . . 


{ 


ectures 
actical 
Lectures 
Practical 
Lectures 
Lectures 
Field  work 


3  hours 

/ 

6      „ 

i 

3      .. 

) 

9      » 

]■■ 

3      » 

2 

3      „ 
tal 

}■■ 

Hours 
per  week. 


4 
9 

12 


33 


In  Mathematics  and  Physics  the  hours  and  syllabus  are  the  same 
as  for  first-year  Degree  students. 

In  Chemistry  the  lecture  hours  and  syllabus  are  the  same  as  for 
first-year  Degree  students. 

Diploma  students,  however,  do  3  hours  per  week  more  Practical 
Chemistry  in  their  1st  year  than  Degree  Students. 

In  Applied  Mechanics  the  course  and  syllabus  for  first-year  Diploma 
students  is  the  same  as  for  first-year  Degree  students,  with  the  excep- 
tion that  Diploma  students  do  no  mechanical  drawing. 

In  Geology  a  portion  of  the  course  and  syllabus  for  second-year 
Degree  students  is  done  by  first-year  Diploma  students. 


Second  year — 

Geology    . . 

Engineering 

Mining 

Surveying 


{Lectures 
Practical 
J  Lectures 
"  \  Practical 
Lectures 

(Lectures 
Practical 


2  hours 
2 

3 
8 

3 

1 


} 


Total 


Hours 
per  week. 


II 


^4 


In  Geology  the  course  and  syllabus  for  second-year  Degree  stu- 
dents is  completed  by  second-year  Diploma  students  (part  having  been 
done  by  Diploma  students  in  their  first  year). 
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Part  of  the  practical  course  of  third-  year  Degree  students  is  done 
by  Diploma  students  in  this  year. 

Engineering. 
This  is  the  jarne  as  that  for  second-year  Degree  students. 

Mining  and  Surveying. 

These  are  the  same  as  that  for  third-year  Degree  students. 

To  sum  up,  the  Diploma  Course  is  the  Degree  Course,  with  Metal- 
lurgy, half  the  Engineering,  half  the  Chemistry  and  three-fourths  of  the 
Mechanical  Drawing  cut  out. 

Practical  and   Underground   Mining  Work. 

Before  a  Degree  or  Diploma  is  granted,  the  student  must  have 
spent  four  months  in  a  mine,  either  during  the  vacations  of  his  course 
at  the  College  or  subsequent  to  his  course. 

Mine  Surveying  Course. 

In  the  Coal  Mines  Act  igii,  a  standard  of  qualification  is  required 
from  Mine  Surveyors. 

To  meet  this,  special  instruction  in  Mine  Surveying  is  now  offered 
in  most  Mining  Schools  in  Great  Britain. 

The  Armstrong  College  offers  such  a  course  of  two  years  in  duration. 

No  entrance  qualification. 


Hours 

per  week. 

First  year  — 

Physics    . . 

f  Lectures 
'  \  Practical 

3  hours 
6      „ 

}• 

9 

Mathematics 

Lectures 

7      " 

7 

Chemist  ry 

i  Lectures      3      „ 
'  I  Laboratory  3      ,, 

j 

.       6 

Mechanical  Drawing 

6     „ 

.       6 

Total  .  .      28 

The  Physics  and  Chemistry  are  the  same  as  for  first-year  Degree 
and  Diploma  students. 

The  Mathematics  is  a  special  Elementary  course. 

Mechanical  Drawing  is  the  same  as  for  first-year  Degree  students. 
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Second  year- 


Mine  Surveying  Course. 


Mathematics 

Geology    . . 

Applied  Mechanics 
Physics     . . 
Mining 

Surveying 


Hours 

per  week 

Lecture          5 

aours 

5 

f  Lecture          4 
'  \  Laboratory    3 

}; 

•       7 

Lecture          3 

3 

Practical        3 

, , 

3 

.  .     Lecture          2 

»> 

2 

j  Practical  I 
"  l  Lecture     I    •' 

" 

•      13 

Total 


33 


Mathematics  is  the  same  as  for  first-year  Degree  students. 
Geology  is  the  same  as  for  second-year  Degree  students. 
Applied  Mechanics  is  the  same  as  for  first-year  Degree  students. 
Physics  consists  of  a  portion  of  the  practical  work  of  the  first-year 

Degree  students. 
Mining  consists  of  a  portion  of  the  third-year  Degree  work. 
Surveying  is  a  special  course. 

Special  Saturday    Afternoon   Course 

On  Saturday  afternoons,  lectures  are  given  specially  adapted  to 
the  needs  of  miners  and  Colliery  Engineers  who  are  at  work  during  the 
week. 

The  classes  consist  of  3   lectures  each  Saturday  from  3  to  6  p.m. 
and  the  number  of  Saturdays  24  per  year. 
The  subjects  are  :  — 

For  12  weeks.  For  12  weeks. 

Geometry.  Elements  of  Trigonometry. 

Transmission  of  Power.  Mine  Surveying, 

Pumping  and  Ventilation  Management  of  Horses. 

This  class  is  popular — an  attendance  of  50  being  usual. 

Practical   Work. 

Owing  to  the  temporary  conversion  of  the  College  building  into 
a  military  hospital  several  of  the  laboratories  are  of  a  temporary  nature. 

The  laboratory  devoted  exclusively  to  mining  students  contains 
an  electric  motor  and  an  air-compressing  plant  with  two  percussive 
rock-drills  ;   an   experimental   haulage   plant  worked  by  a  hand-winch  : 
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a  tubular  gallery  with  a  sirocco  fan  for  ventilation  experiments  ;  a  still- 
air  safety  lamp  testing  chamber  with  a  telescopic  device  for  cap 
measurement;  an  automatic  mixer  for  gas  and  air;  a  tank  by  which 
the  heat-losses  of  the  compressor  jacket  can  be  gauged. 

The  temporary  drawing  and  surveying  office  is  well  fitted  with 
instruments,  and  tables  of  a  neat  design,  and  a  temporary  battery  of 
muffle  furnaces  is  erected  for  metallurgical  work. 

The   electrical   department  has  the  advantage  of  deriving  current 

both  from  its  own  power  plant  and  the  town  main.     The  students  are 

enabled  to  experiment  with  motors  and  generators  of  both  continuous 

and  alternating  current  types.     There  is  also  available  a  well-equipped 

hydraulics  laboratory. 

Fees. 

The  fees  per  session  for  either  of  the  three  courses — -Degree  or  Di- 
ploma course  in  mining,  or  mine  surveying  course,  average  £25. 

Scholarships 

A  scholarship  of  £50,  tenable  for  one  year,  may  be  awarded  in 

June  to  the  best  student  taking  his  B.Sc.  in  Mining  or  Metallurgy,  to 

enable  him  to  take  a  practical  course  in  mines  or  works  at  Home  or 

abroad,  under  conditions  approved   by  the   Donors  the  institution  of 

Mining  and  Metallurgy,  L,ondon. 

No.  of  students 

attending  Degree  Subsequent  position  in  Industry, 

or  Diploma  Courses  -it-  j 

in  Mining. 

5  •  ■      1909-10 — 

i  Daglish  Fellow  and  at  an  Indian  colliery. 
1  Manager  at  a  colliery  in  England. 

1  Assistant  Inspector  of  Mines  in  Scotland. 

2  doubtful. 
7          . .      1910-11 — 

1  Assistant  Colliery  Manager  in  England. 
1   Mine  Surveyor  in  England. 
1  Manager  of  Mines  in  Persia. 
4  doubtful. 
13  . .      1911-12 — 

1  Assistant  Colliery  Manager  in  Russia. 
1  Surveyor  and   Assistant    Manager   of   Mines    in 
England. 
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No.  of  students 

attending  Degree 

or  Diploma  Courses 

in  Mining. 


10 


Subsequent  position  in  Industry. 

I  Assistant  Colliery  Manager  in  England, 
i  ditto  ditto, 

i  ditto  ditto, 

i  ditto  ditto. 

7  doubtful. 
1912-13— 

1  Assistant  Colliery  Manager  in  England. 

1  ditto  ditto. 

1  ditto  ditto. 

1  ditto  ditto. 

1  Surveyor,  Assayer,  etc.  in  Egypt. 

1  in  mines  in  South  Africa. 

1  Assistant  in  Coke  Ovens  in  England. 

1  in  the  Army. 

2  doubtful. 
1913-14— 

1   at  colliery  in  County  Durham. 
1  ditto  Yorkshire. 

1  Assayer  at  Lead  Mines  in  County  Durham. 
1   Prize  Demonstrator   in  Mining,  Metallurgy  and 
Surveying  at  Armstrong  College. 

1  still  studying  at  Armstrong  College. 

2  doubtful. 


APPENDIX    II. 


UNIVERSITY  OF   LEEDS. 
General. 

This  University  is  situated  in  the  north  of  the  Yorkshire  Coalfield, 
the  industries  being  textile,  chemical,  engineering  and  mining. 
The  courses  offered  are  : — 

Arts.  Science. 

Economics  and  Commerce.  Medicine  and  Surgery  (dat- 

Law.  ing  from  1831). 
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Civil  and  Mechanical  Engin-  Textile  Industries. 

eering.  Tinctorial    Chemistry    and 
Electrical  Engineering.  Dyeing. 

Mining  and  Mine  Surveying.  Agriculture. 
Fuel  and  Metallurgy. 

Mining  and  Mine  Surveying. 

The  cost  of  the  buildings  of  this  department  and  their  equipment 
has  been  largely  met  out  of  a  fund  of  £8,000  raised  by  the  Yorkshire 
coal-owners.  The  work  of  the  department  is  subsidized  by  annual 
grants  from  the  West  Riding  County  Council,  the  West  Yorkshire  Coal 
Owners'  Association,  and  the  Drapers  Company  of  London,  who  have 
also  substantially  added  to  the  fund  raised  by  the  coal-owners. 

No  less  than  seven  distinct  courses  of  study  are  arranged  to  meet 
the  requirements  of  different  classes  of  students,  viz.  : — 

(1)  A  three-year  course  leading  to  the  Degree  of  B.Sc.  in  Min- 

ing (Degree  Course). 

(2)  A  three-year  course  qualifying  for  the  Diploma  in  Mining 

Engineering. 

(3)  A  four-year  course  iu  Coal-Mining  for  Miners  and  sub-officials. 

(4)  A   two-year    course    iu    Science    as    Applied    to    Mining   for 

teachers  (of  evening  classes). 

(5)  A  course  in  Mine  gases  and  Explosions  for  teachers  of  classes 

in  Gas-testing. 

(6)  A  two-year  course  of  Engineering  as  applied  to  Mining  for 

teachers  of  evening  classes. 

(7)  A  lecture  course  on  Mine  Surveying. 

Degree  Course. 

Students  before  entering  for  this  must  have  passed  the  Matricula- 
tion examination  conducted  by  the  Joint  Board  of  the  Universities  of 
Manchester,  Liverpool,  Leeds  and  Sheffield  or  an  equivalent. 

The  course  then  entails  a  three  years'  attendance  at  the  college. 

First-year  Course. 

This  consists  of  general  scientific  and  engineering  subjects  but  no 
special  or  mining  subjects,  and  is  as  follows  : — 
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Mathematics 
Physics     . . 

Chemistry 
Engineering 
Mechanical  Drawing 


Lectures 
f  Lectures 
\  Laboratory 
I  Lectures 
'  Laboratory 

Lectures 
( Laboratory 


2  hours 

3 

3 

3 

5 

4 

& 


Draw 


t      ing  Office  9  hours 


Total 


Hours 
per  week. 


1.; 


29 


Details  of  Courses. 

(a)  Mathematics. — Elementary  Mathematics  up  to  use  of  logarithms 

and  calculus.     Mining  students  do  this  as  well  as  Physics 
and  Chemistry,  in  common  with  the  Science  students. 

(b)  Physics. — The  elements  of  electricity,  magnetism,  sound,  light, 

heat,  and  the  properties  of  matter. 

No  previous  knowledge  is  expected. 

The  laboratory  work  consists  of  simple  experiments  in  connection 
with  these. 

(<)  Chemistry. — General  properties  of  matter;  chemical  combina- 
tion and  decomposition,  preparation,  classical  and  chemi- 
cal behaviour  of  the  chief  elements  and  their  compounds : 
elemental  chemical  theory. 

{d)  Engineering  and  Mechanical  Drawing. — Composition  and  resolu- 
tion of  forces.  Moment  of  forces,  Laws  of  Friction.  Stress 
and  Strain.  Strength  and  properties  of  materials,  Measure- 
ment of  heat.  Generation  of  Steam.  Principles  of  Steam 
Engines,  Boilers,  Fuels. 

Laboratory  work  in  Engineering. — Experimental  determination  of 
forces.  Efficiency  of  machines.  Tests  of  bars,  chains,  etc. 
Indicating  steam  engines.     Testing  boilers. 

This  is  a  special  course  for  mining  students. 

Second-year  Degree  Course. — The  subjects  are  : — 
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Hours 
per  week. 


Mathematics 
Electrical  Engineering 

Engineering 
Mining 


Lectures       2  hours 
I  Lectures       3    ,,  ) 

I  Laboratory  3    ,,  \ 

i  Lectures       3     „  \ 

Laboratory  and  Draw-  £ 
ing  Office  13  hours  C 
per  week.  J 

C  Lecture  1  hour  \ 

.  <  Laboratory  and  Draw-  > 
(      ing  3  hours.  ) 


16 


Total 


..    28 


Details  of  Courses. 


Mathematics  (Applied). — Elementary  statics,  dynamics  and  hydro- 
statics. 

Electrical  Engineering. — Units  electro-magnetism  in  relation  to 
commercial  application.  Instruments.  Lamps.  Construction.  Ac- 
tion, efficiency  of  generators  and  motors.  Transformers.  Distribution 
and  Transmission.  The  laboratory  work  consists  of  elementary  experi- 
ments on  the  above. 

This  is  a  special  course  of  Mining.     Civil  and  Mechanical  engineers. 

Engineering. — Bending  moments,  diagrams,  sheer  diagrams,  valve, 
set  diagrams.  Advanced  strength  of  materials  Laws  of  thermo-dyna- 
ruics,  entrophy  temperative  diagrams.  Gas  and  Petroleum  Engines, 
Hydraulics. 

Mining. — The  general  principles  of  Mining  and  the  methods  of  ex- 
traction of  minerals  are  outlined,  and  coal  mining  in  particular  is  treated. 

In  the  Mining  Laboratory  drawing  and  designing  of  mining 
machines  and  structures. 

Third-year  Course. 


(a)  Mining  and  Mine  Sur- 

veying 

(b)  Mathematics 


(c)  Geology 

(</)  Fuel  and  Metallurgy  . 


-ai    v^vurAC. 

Hours 

per  week. 

Lectures         5  hours 
Laboratory  15     ,, 

}..     20 

Lectures         3     ,, 

■■     3 

Lectures         3     ,, 

Laboratorv 

•     9 

&  Field      6     „ 

) 

Lecture          1     ,, 

1 

Total 

■•    33 
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Details  of  Courses. 

(a)  Mining  and  Mine  Surveying. — Mining  is  dealt  with  in  a  more 

advanced  fashion,  viz.  Nature  and  occurrence  of  Mineral 
deposits,  prospecting,  transport,  hoisting,  ventilation,  pump- 
ing, lighting,  dressing  of  minerals,  screening  of  coal,  Mine 
Surveying  up  toTriangulation,  tacheometry  and  observation 
of  Meridian.  Students  are  taught  actual  surveying  in  the 
Field  and  do  surface  and  underground  surveying. 

In  the  mining  laboratory,  tests  of  gases,  safety  lamps,  mine  air  analysis. 
For  metalliferous  ores  there  is  a  complete  ore  breaking,  treating 

and  dressing  plant  on  which  students  make  tests  of  ores. 

The  drawing  office  work  includes  calculations  and  practical  work  in 

mine  surveying,  preparation  of  plans,  estimation  of  ore  reserves,  the 

drawing  and  designing  of  mining  machinery  and  structures. 

(b)  Mathematics. — This  includes  co-ordinate  geometry,  differential 
and  integral  calculus. 

(c)  Geology. — (i)  An  elementary  course  including  the  general  prin- 
ciples and  the  application  of  Geology  to  Civil  Engineering ;  (2)  short 
course  in  Geology  applied  to  coal-mining,  coal  fields,  with  special  refer  - 
ence  to  Yorkshire  coal  field. 

(3)  Mineralogy. — In  the  laboratory  the  recognition  of  rocks  and 
principal  minerals  and  the  use  of  Geology  maps.  Field  excursions  are 
frequently  taken  and  students  are  required  to  map  geologically  a  small 
area. 

(d)  Fuel  and  Metallurgy. — Fuel  calorimetry,  pyrometry,  fuels,  metal- 
lurgy of  principal  metals. 

Diploma  course. — This  is  a  three-year  course.  For  this  matricula- 
tion is  not  required  as  a  preliminary,  but  an  elementary  entrance  exam- 
ination is  required.  The  course  is  almost  identical  with  the  degree 
course. 

First  year. — The  courses  are  identical  with  the  first-year  degree 
course. 

Second  year. — Courses  are  the  same  as  those  of  second-}*ear  degree 
with  the  exception  that  only  part  of  the  engineering  is  done. 

Third  year. — Mining,  geology  and  mine  surveying  are  the  same  as 
the  third-year  degree  courses.  No  Mathematics  or  fuel  and  Metallurgy 
are  done  in  this  year  as  in  the  case  of  third-year  degree. 
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In  the  case  of  degree  and  Diploma  students,  before  the  degree  or 
Diploma  is  granted,  the  student  must  have  spent  four  months  actually 
on  a  mine  either  during  the  course  or  subsequent  to  it. 

The  degree  or  Diploma  is  accepted  by  the  Home  Office  as  allowing  a 
candidate  to  siu  for  the  Manager's  certificate  with  three  years'  practical 
experience  as  against  five  without  it. 

In  addition  to  these  regular  courses  of  the  University,  i.e.  the 
degree  and  Diploma  course,  five  other  :'one  afternoon  a  week"  courses 
are  given,  the  afternoon  usually  being  Saturday. 

These  courses  are  : — 

(i)  A  four-year  course  for  miners  and  sub-officials.  On  Saturday 
afternoon  during  the  season,  three  hours'  instruction  is  given  by  the 
Mining  Professor  on  elementary  Mining  and  general  elementary  Science 
and  in  four  years  covers  the  syllabus  of  the  course.  This  class  is  well 
attended,  but  is  in  reality  "  an  evening  class  "  held  by  the  University 
Mining  Department. 

(2)  Mine  surveying — a  similar  course  extending  over  one  session  is 
given  for  two  hours  on  each  Saturday  morning,  the  syllabus  being  ele- 
mentary. 

(3),  (4)  and  (5)  Three  "  one-afternoon-a-week  "  courses  in  Elemen- 
tary Mining,  Engineering  and  Science  are  held  for  the  teachers  of  Min- 
ing at  the  local  evening  classes  throughout  the  country. 

Laboratory  Equipment. 

The  fuel,  gas  and  metallurgy  department  gives  a  course  to  mining 
students.  The  laboratories  contain,  as  special  features,  pyrometers  of 
various  types,  a  small  plant  for  coal  distillation,  a  gas-compressor 
compressing  to  200  atmospheres,  and  instrument  for  detecting  changes 
in  gas  constituents  after  subjection  to  heat  treatment,  muffles,  calori- 
meters of  several  varieties  and  a  model  of  a  rolling  mill. 

The  chemical  department  possesses  three  laboratories  devoted  to 
inorganic,  and  two  to  organic  chemistry,  besides  preparation  rooms. 
The  course  to  which  mining  students  are  admitted  is  of  such  a  nature 
as  to  be  adapted  to  the  requirements  of  a  mining  Engineer  by  the 
teachers,  a  system  of  selection  being  adopted. 

In  allotting  the  laboratory  tasks  to  students  of  the  various  depart- 
ments, the  work  through  which  they  are  put,  includes  the  study  of  the 
effect  of  heat  and  acids  on  metals,  calcination,  the  properties  of  hydro- 
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gen  and  carbon,  distillation,  study  of  carbon  dioxide,  soot,  and  coal 
gas,  analysis,  properties  of  iron,  some  work  with  oils  and  paints,  and 
blow-pipe  work. 

In  the  mechanical  laboratory  a  feature  of  the  practical  teaching  is 
that  students  are  in  every  instance  instructed  to  make  a  comparison  of 
the  actual  efficiency  of  machines  found  by  experiment  with  the  theo- 
retical or  calculated  efficiency.  The  work  comprises  experiments  with 
shear  legs,  pulleys,  toothed  wheels,  vibrations  and  springs,  screw  jacks 
and  pendulums.  Various  hydraulic  experiments  are  also  made  includ- 
ing the  flow  of  water  through  valves,  sleeves,  bends,  etc.,  measurement 
of  jet  pressure  with  various  shapes  of  buckets.  The  apparatus  used  for 
these  experiments  is  largely  designed  and  made  in  the  College  fitting  shop. 

Amongst  the  experimental  machines  in  this  department  are  water 
turbine,  Worthington  pump,  fan,  air-compressor,  gas  engine,  steam 
engine,  refrigerator,  steam  turbine,  pulsometer,  petrol  engine  and  steam 
boiler. 

In  the  testing  laboratory  are  machines  for  testing  flat  plates,  Tor- 
sion machines,  a  Denison  machine,  a  25-ton  Torsion  crushing  bending 
tester,  a  100-ton  tester  in  which  ropes,  rope-cappings,  pit-props,  plate 
spring,  etc.,  are  tested,  and  a  tester  for  the  hardness  of  metals.  An  in- 
teresting museum  exhibit  is  the  lathe  made  and  used  b>'  Smeaton. 

Practical  Work. 

The  Leeds  University  Mining  Laboratory  contained  as  its  main 
features  an  air-anatysis  apparatus,  sample  grinders  and  a  sampling 
machine,  a  small  ventilation  experimental  gallery  worked  by  a  Sirocco 
fan,  muffle  furnaces  for  assay  work,  a  rock  crusher,  jig,  3-stamp  gold 
mill,  crushing  rolls,  and  two  slime  tables.  In  another  room  were  a  high- 
velocity  current  lamp  testing  gallery,  in  which  petrol  is  used  to  form 
the  explosive  mixture,  several  still-air  lamp  testing  chambers,  and  a 
photometer  for  gauging  the  candle-power  of  lamps. 

The  drawing  and  surveying  office  was  well  equipped  with  the  usual 
apparatus,  and  had  in  addition  a  calculating  machine,  which  was  used 
for  checking  the  laborious  calculations  involved  in  survey  problems.  A 
ferro-type  room  adjoins  the  survey  office.  A  model  and  specimen  room 
was  shared  with  the  fuel  and  combustion  department. 

The  electrical  laboratory  was  extremely  well  equipped,  and  in  this 
department  the  mining  students  are  put  through  a  comprehensive  gen- 
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eral  course  of  practical  work.  A  large  number  of  features  are  comprised 
in  this  laboratory  including  continuous  current,  single,  two,  and  three- 
phase  alternators.  There  are  also  a  pressure  battery  giving  200  volts, 
and  a  current  battery  giving  500  amperes.  There  are  examples  of  many 
types  of  cables,  brushes,  switches  and  couplings,  an  interesting  device 
being  an  electric  clutch. 

The  Physics  laboratory  occupies  a  considerable  area,  and  contains 
many  excellent  pieces  of  apparatus,  including  X-ray  machines,  and  an 
alternating  current  potentiometer.  Many  of  the  instruments  were  made 
in  the  instrument-making  and  repairing  room,  where  all  repairs  are 
carried  out  for  delicate  instruments  of  all  departments  of  the  College- 
The  mining  students  go  through  a  general  practical  course  in  this  labora- 
tory, which  does  not  demand  a  high  preliminary  knowledge  of  Mathe- 
matics. 

Attendance. 

The  average  number  of  full-time  students  (attending  Degree  and 
Diploma  courses)  for  the  last  four  years  has  been  six.  Part-time  stu- 
dents, i.e.  attending  Saturday  afternoon  courses  for  miners  and  sub- 
officials,  have  averaged  55. 

Fees. 

The  composition  fee  for  the  Degree  course  is  £31-1  is.  per  3'ear  for 
the  three  years  and  /25-ns.  for  the  fourth,  if  the  student  stays  for  a 
fourth  year's  study. 

Scholarships. 

A  firm  in  vSheffield  offers  a  scholarship  of  £21  per  annum,  tenable 
for  two  years,  in  connection  with  the  Diploma  course  in  Mining  Engin- 
eering. Five  other  scholarships,  varying  in  value  from  £20  to  £40  per 
annum  for  two  or  three  years,  are  also  tenable  in  the  Mining  Depart- 
ment. 
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APPENDIX   III. 


UNIVERSITY   OF  SHEFFIELD. 
General. 

The  course  offered  in  Mining  are  a  Degree  (B.E.)  Course,  a  Diploma 
Course,  and  a  Part-Week  Course.  The  Diploma  Course  consists  of 
three  or  four  six-month  sessions  from  October  to  March,  during  which 
time  the  student  spends  all  his  time  at  the  University.  The  six  summer 
mouths  are  spent  at  a  colliery.  It  is  further  recommended  that  from 
six  to  twelve  months  should  be  spent  at  a  colliery  before  entering  on  the 
course.  Whether  three  or  four  years  are  occupied  depends  on  the  pre- 
vious education  of  the  student. 

The  part-week  course  involves  attendance  at  the  University  for 
two  days  a  week  throughout  the  session.  This  course  covers  the  sub- 
jects essential  for  the  Colliery  Manager's  certificates  but  does  not  cover 
certain  branches  of  Engineering  and  Science  which  while  of  great  impor- 
tance to  the  modern  mining  engineer  are  not  involved  in  the  Home  Office 
Examination. 

There  is  also  a  course  for  local  teachers  in  coal  mining,  and  a  Satur- 
day afternoon  course  which  is  intended  to  meet  the  requirements  of 
candidates  for  first-class  Mine  Manager's  certificates. 

Degree  Course. 

The  following  are  the  subjects  for  the  intermediate  examination  for 
the  Degree  of  B.E.  (Mining) : — 

(«')  Pure  and  Applied  Mathematics. 
(it)  Machine  Drawing  and  Design. 
(Hi)  Chemistry. 
(iv)  Physics. 

and  for  the  final  examination  :— 

(i)  Mining  (including  the  working  and  winning  of  minerals, 
dressing,  Economic  Mineralogy,  building  construction, 
ambulance,  and  mining  hygiene). 
(*»')  Mine  Surveying. 
(Hi)  Geology  and  blowpipe  analysis. 
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(/;)  Heat  engines  and  strength  of  materials. 
(y)  Generation,  transmission,  and  distribution  of  electricity. 
(vi)  (i)  Mining  chemistry  for  coal  mining  students. 

(ii)  Assaying  and  general   metallurgy    for   metal    mining 
students. 

Candidates  are  also  required  to  furnish  certificate  of  having  attended 
an  approved  course  of  study  in  one  of  the  following  languages : — 

(a)  French;  (b)  German;  (c)  Spanish. 

The  candidate  must  also  have  had  six  mouths'  practical  experience 
in  a  mine,  two  of  which  must  have  been  accomplished  before  entering 
on  the  final  course. 


Diploma 

Course. 

Hours 

per 

week. 

Hours 

per 
week. 

First  year — 

Theory  of  Machines 
Heat  Engines 

} 

4 

Chemistry   .  . 
Chemical  Laboratory 

2 

..       6 

Machine  drawing 

6 

Mathematics 

•       7 

Total 

••     27 

Physics 

2 

Second  year — 

Electrical  Eugiueering  . 
Civil  Engineering 
Engineering  Laboratory 

2 

.       8 
3 

Mining  Chemistry 
Mine  Surveying 
Geology 

2 

3 

2 

Building  Construction   . 

Theon-   of  Machines  ) 
Heat  Engines               ) 

3 
3 

Total 

..       26 

Third  year — 

Electrical  Engineering 

5 

Mining 

2 

Hydraulics  . . 

2 

Mine  Surveying 

-> 

Civil  Engineering 

■       9 

Heat  Engines 

2 

Total 

..       26 

Mining  Chemistry 

.> 

Visits  and  Geological  field- 

work  on 

Saturdays. 

Hours 

Hours 

per 
week. 

per 
week. 

7 

Mining     laboratory- 

and 

i 

drawing    .  . 

••       3 

6 

Mining 

Total 

i 

2 

.       6 

..     26 
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Fourth  year — 

Electrical  Engineering   . 

Civil 

Engineering  Labortaory 

Geology 

Mining  Chemistry 

Visits  and  Geological  field-work  on  Saturdays. 

Part-Week  Course. 
First  year — Two  days  per  week  at  the  University. 
Subj  ects — 

Applied  Mechanics.  Mining  Chemistry- 

Steam.  Machine  Drawing. 

Electrical  Engineering.  Mine  Surveying. 

Second  year — Two  days  per  week  at  the  University. 
Subjects — 

Applied  Mechanics.  Electrical  Engineering. 

Steam.  Building  Construction. 

Mining. 
Third  year — Three  days  per  week  at  the  University  (or  alternatively, 
two  days  per  week  for  third  and  fourth  years). 
Subjects — 

Mining.  Electrical  Engineering. 

Mining  Chemistry.  Engineering  laboratory. 

Geology. 

Syllabus  of  Courses. 
Mining,  second  year — 

Geology  of  the  coal  mea-  Rock  drills  and  explosives. 

sures.  Fitting  up  shafts. 

Prospecting  and  Boring.  Ventilation. 

Shaft-sinking. 

Mining,  third  year — 

Ventilation.  Systems  of  working. 

Safety  lamps.  Mechanical  coal  cutters. 

Fire-damp  indicators.  Pumping. 

Gob  fires. 
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Mining,  fourth  year — 

Haulage.  Surface  plant. 

Power.  Leases. 

Support  of  roof  and  sides.  Dressing  of  minerals. 
Screening  and  washing  coal. 


Building  Construction — 

Construction     of    a    small 

building. 
Foundations. 
Brickwork. 
Masonry. 


Roofs  and  floors. 
Roof  coverings. 
Doors  and  windows. 
Drainage. 


Geology — 

Igneous  and  Sedimentary 

rocks. 
Dip,  Strike,  faults,  etc. 
Geological  maps. 

Hydraulics — 

Pressure  on  surfaces. 
Laws  of  flow  of  water. 
Branched  pipes. 
River  gauging. 
Tidal  action. 


Succession  of  strata. 

Fossils. 

The  British  coalfields. 

Economic  Geology. 


Waves. 
Rainfall. 
Raction  of  jets. 
Water  motors. 


Heat  engines,  first  year — 

Heat. 

Evaporation  and  condensa- 
tion. 
Slide  valve,  and  I.  H.P. 

Heat  engines,  second  year — 

Construction  of  boilers. 
Combustion  of  fuel. 
Properties  of  steam. 
Entropy. 


B.H.P. 

Structure  of  engines. 
Types  of  boilers. 
Petrol  Engines- 


Valve  diagrams. 

Governors. 

Petrol  and  gas  engine  efficiency. 

Gas  producers. 
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Heal  Engines,  third  year — 

Law  of  Thermodynamics. 

Adiabatic    and    isothermal 
expansion. 

Carnot  cycle. 

Temperature  entropy  dia- 
gram. 

Electricity  applied  to  mining — 

Electrical  units. 

Batteries. 

Electric  bells. 

Induction. 

Magneto-generators. 

Motors. 

Measuring  instruments. 

Electric  lighting. 

Transmission  of  power. 

Civil  Engineering — 

Materials. 

Foundations. 

Stability  of  dams,  retaining 

walls,  and  arches. 
Bridges  of  various  types. 
Skim  arches. 
Iron  and  steel  bridges. 
Stresses  in  beams. 
Cantilever  bridges. 
Swing  bridges. 
Flooring. 
Roof  trusses. 


Valve  gears. 

Gas  and  oil  engines. 

Steam  turbines. 

Superheating. 

Air  compressors. 

Refrigerators. 


Generators  and  generating  stations. 
Alternating  and  polyphase  systems. 
Systems  of  distribution. 
Electric  mains  for  work. 
Protective  devices. 
Shot-firing  by  electricity. 
Electric  pumping,  haulage,  and  coal- 
cutting. 


Stresses  in  principal  members. 

Pin  and  cotter  joints. 

Sheds  and  beaming. 

Setting-out  railways. 

Excavations. 

Drainage. 

Tunnels. 

Curves  and  gradients, 

Water-supply. 

Wet  and  dry  docks. 

Reinforced  concrete  construction. 

Roads. 


The  fees  for  the  courses  are  as  follows  : — 
Part- Week  Course. 

First     year  12  guineas. 

Second    ,,  14        „ 

Third       ,,  16       ,, 
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or,  if  the  alternative  of  two  days  per  week  for  a  third  and  fourth 
year  be  chosen,  then  10  guineas  per  annum. 

Diploma  Course.  16  guineas. 

Saturday  afternoon  Course.        3        ,, 
Local  teachers'  Course.  3        ,, 

Scholarships. 

A  firm  in  Sheffield  offer  a  scholarship  in  connection  with  the  Depart- 
ment of  Mining,  of  the  annual  value  of  twenty  guineas,  tenable  for  three 
years.  It  is  open  only  to  students  who  intend  to  take  the  Mining  Dip- 
loma Course  at  the  University  of  Sheffield.  It  is  awarded  on  the  result 
of  a  triennial  examination,  held  for  the  purpose. 

Subsequent  position  in  the  Industry  during  the  five  years  end- 
ing the  Session  of   1913-14. 

Full  information  is  not  available,  but  the  University  has  received 
particulars  of  the  following  : — 

Diploma  Students — 

Surveyors       and       Assistant         Overmen  .  .  .  .       2 

Managers  .  .        7 

Saturday  Certificate  Course  Students — 


Managers 

2 

Stallmen 

7 

Under  Managers 

••       4 

Other  underground  work- 

Surveyors  and 

Assistant 

men 

10 

Managers.  . 

12 

Engineers  and  mechanics 

3 

Overmen 

2 

School  Master 

1 

Deputies 

..      28 

Minister  of  religion 

1 

Corporals 

..  .    8 

Regulations  relating  to  Diploma  in  Mining. 
I.     Candidates  for  the  Diploma  in  Mining  must  present  certificates 
that  they  have  complied  with  the  following  regulations  : — 

(a)  They  must  have  passed  or  been  exempted  from  the  Entrance 
Examination  of  the  Faculty  of  Applied  Science  and  must 
(except  in  cases  provided  for  under  Regulations  4  and  5) 
have  attended  at  the  University  a  first  year's  course  of 
instruction  for  six  months  from  October  to  March  inclusive 
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in  the  subjects  of  Mathematics,  Physics,  Chemistry,  Theory 
of  Machines.  Heat  Engines,  and  Machine  Drawing  and 
Design,  and  must  have  spent  the  remaining  six  months  at 
a  Colliery. 

(b)  They  must  have  passed  a  second  j'ear's  course  for  six  months 

(October  to  March)  iu  the  subjects  of  Mathematics,  Theory 
of  Machines.  Heat  Engines,  Electrical  Engineering,  Civil 
Engineering,  Mining  Chemistry,  Mine  Surveying,  Engin- 
eering Laboratory,  Applied  Mechanics  Laboratory,  Geo- 
logy, and  Building  Construction,  and  must  have  spent  the 
remaining  six  months  at  a  Colliery. 

(c)  They  must  have  attended  a  third  year's  course  for  six  mouths 

(October  to  March)  in  the  subjects  of  Mining,  Electrical 
Engineering  (with  laboratory).  Mining  Chemistry  (with 
laboratory),  Hydraulics,  Heat  Engines,  Mine  Surveying, 
and  Civil  Engineering,  and  must  have  spent  the  remaining 
six  months  at  a  Colliery, 
(rf)  They  must  have  attended  a  fourth  year's  course  for  six  months 
(October  to  March)  in  the  subjects  of  Mining,  Mining 
Chemistry  (with  laboratory),  Electricity  (with  laboratory), 
Engineering  laboratory,  and  Geology  (with  laboratory), 
and  must  have  spent  the  remaining  six  months  at  a  Col- 
liery. 

(e)  They  must  present  themselves  for  examination  in  all  subjects 
of  study  at  the  end  of  each  of  the  second,  third  and  fourth 
year's  courses  respectively,  and  obtain  such  a  standard  of 
marks  as  will  satisfy  the  Senate  that  they  are  qualified  to 
receive  a  Diploma  :  and  must  have  passed  in  the  subjects 
of  the  first  year,  except  as  provided  in  Regulations  4  and 
5- 

2.  The  certificate  of  attendance  must  state  that  the  attendance  at 
each  course  has  been  regular,  and  to  the  satisfaction  of  the  Professors 
and  Lecturers  under  whom  they  have  been  working. 

3.  Candidates  for  the  Diploma  must  further  produce  evidence 
that  during  the  time  which  was  not  occupied  at  the  University,  they 
have  received  such  practical  training  at  a  colliery  as  will  satisfy  the 
Senate,  on  the  recommendation  of  the  Coal  Mining  Committee,  that  they 
are  properly  qualified  in  their  practical  work. 


214       TRANS.    MINING    &    GEOL.    INST.    OF   INDIA.     [Vol.  XI, 

Regulations. 

4.  Candidates  for  the  Diploma  may  be  exempted  from  attendance 
at  the  first  year  course,  provided  that  they  pass  an  examination  in 
Mathematics,  Physics  and  Chemistry,  up  to  the  standard  of  these  sub- 
j  ects  as  taken  in  the  first  year. 

The  date  of  this  examination  shall  be  in  each  year  early  in  June  or 
in  September.  Candidates  who  desire  to  enter  for  this  examination 
must  send  notice  of  their  intention  to  do  so  to  the  Registrar  of  the  Uni- 
versity before  31st  May  or  15th  September,  together  with  the  examina- 
tion fee  of  £5. 

5.  Candidates  who  shall  have  passed  any  public  examination,  ap- 
proved of  by  the  Senate  as  exempting  them  from  the  first  year's  course 
of  instruction,  may  proceed  at  once  to  the  second  year's  course  in  the 
same  manner  as  if  they  had  passed  the  examination  referred  to  in 
Regulation  4. 

The  Senate  shall,  when  approving  any  public  examination,  deter- 
mine what  stage  or  standard  in  each  examination  approved  of  shall  be 
required  in  order  to  exempt  candidates  from  the  first  year  or  the  examina- 
tion in  lieu  of  it. 

6.  Candidates  who  may  be  excused  the  first  year  under  Regula- 
tions 4  and  6  shall  be  required  to  attend  courses  of  stud)'  as  follows,  in 
lieu  of  those  laid  down  in  Regulation  1 : — 

Second  year. — Theory  of  Machines,  Heat  Engines,  Electrical 
Engineering,  Machine  Drawing,  Civil  Engineering,  Geo- 
logy, Applied  Mechanics  Laboratory,  Mine  Surveying  and 
Building  Construction. 

Third  year. — Mining,  Mining  Chemistry  (with  laboratory),  Engin- 
eering Laboratory,  Electrical  Engineering  (with  labora- 
tory), Heat  Engines,  Civil  Engineering  and  Mine  Survey- 
ing. 

Fourth  year. — Mining,  Mining  Chemistry  (with  laborator5r),  Elec- 
tricity (with  laboratory),  Heat  Engines,  Engineering 
Laboratory,  and  Geology. 
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Subsequent    positions   in  the  industry  during  the  five  years  ending  the  Ses- 
sion of  1913-14. 

Full  information  is  not  available,  but  the  University  has  received 
particulars  of  the  following  : — 

Diploma  Students. 
Surveyors       and       Assistant  Overmen         . .  . .      2 

Managers   . .  •  •      7 

Saturday   Certificate  Course  Students 

Managers        . .  2  Stallmen        . .  •  •  7 

Under-Managers  . .  4  Other  underground 

Surveyors  and  Assistant                            workmen   . .  . .  10 

Managers    ..  ..12  Engineers  and  Mechanics  3 

Overman        . .  . .  2  School  Master  . .  1 

Deputies         . .  . .  28  Minister  of  Religion  .  .  1 

Corporals        . .  . .  8 


APPENDIX    IV. 


UNIVERSITY   OF    BIRMINGHAM. 
General. 

The  University  is  situated  in  the  Midlands,  near  the  coalfields  of 
North  and  South  Staffordshire  and  Warwickshire,  serving  a  population 
of  about  two  millions,  the  industries  being  chiefly  of  an  engineering 
nature.  The  output  of  coal  from  these  coalfields  is  19,000,000  tons  per 
year.  The  University  was  founded  in  the  year  1900,  having  as  its 
foundation  stone  the  Old  Mason's  College. 

Mining  courses  have  been  so  arranged  as  to  meet  the  requirements 
of  those  who  intend  to  become  : — 

1.  Practising  aud  Consultative  Mining  Engineers; 

2 .  Collien-  Managers  : 

3.  Managers  of  Metal  Mines  ; 

4.  Petroleum  Mining  Engineers  ; 

5.  Teachers  of  Mining  : 
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6.  Mine  Surveyors ; 

7.  Land  and  Estate  Agents  ; 

8.  Landowners,  owners  of  collieries,  and  those  generally  interes- 

ted in  mines  and  quarries. 
Two  courses  are  offered  leading  to 

1.  A  Bachelor  of  Science  Degree  in  Mining  (Coal,  Metal  or  Petro- 

leum). 

2.  A  Diploma  in  Mining  (Coal,  Metal  or  Petroleum). 

The  courses  taken  by  the  students  for  the  diploma  and  degree  are 
identical,  the  only  difference  being  that  degree  students  must  first  have 
matriculated.     For  brevity  the  course  in  coal  mining  only  is  outlined. 

Courses  of  Study. 

First  year — 

Hours  Hours 

per  week.  per  week. 

i.     Mathematics  ..  4         4.     Mining  ..      1 

2      Phvsics  I  Lectures    . .   3         5.     Surveying  . .     3 

'(  Laboratory  _'i         6.     Engineering  workshop      3 


r«_      ■  ,         j  Lectures   .  .   5 
3.     Chemistry        .  ahnratnpa  ,i 


Laboratory  z\  Total  hours  per  week  24 

To  deal  with  these  in  detail : — 

1.  Mathematics. — Degree  and  Diploma  students  attend  these  lec- 
tures together  with  students  of  other  branches. 

The  syllabus  can  be  summarised  as  follows  : — 

Algebra  up  to  Binomial  Theorem. 
Trigonometry  up  to  Solution  of  Triangles. 
Geometry  to  properties  of  simple  solids. 
Elementary  analytical  Geometry. 

2.  Physics. — Mining  students  attend  these  lectures  together  with 
students  of  other  Science  and  Engineering  branches. 

Syllabus. —  Elementary  knowledge  of  properties  of  matter,  heat, 
light,  sound,  magnetism,  and  electricity  and  electro-magnetism. 

3.  Chemistry. — Mining  students  attend  this  in  common  with  other 
Engineering  students. 

Syllabus : — Chemical  change.  Valency,  properties  of  gases. 
Hydrogen,  Oxygen,  Carbon,  Coal-gas,  Producer  gas,  Chlorine,  Sulphur, 
Phosphorus,  Boron.  Silicon,  Occurrence  of  Metals. 

4.  Mining. 


218       TRANS.   MINING   &   GEOL.   IXST.   OF   INDIA.     [Vol.  XI, 

Syllabus  : — Objects  and  conditions  of  Mining,  Prospecting  and 
boring.     Shaft-sinking. 

5.     Surveying. 

Syllabus: — Measurements,  Miners'  dial.  Calculation  of  areas  and 
volumes,  Levelling,  Theodolite,  Mine  plans,  Gradients. 

Second  year— 

The  subjects  of  this  year  are  : — 

Hours  Hours 

per  week.  per  week. 

p     .  f  Lectures       4  <  Lectures         3 

'  \  Field  4       3.     Engineering  '  Workshop      3 

„  .   ,,  /Lectures       2  '  Drawing  3 

2.     Metallursjv    <  Zr  ,        .  ,T      ,      &  ^ 

LLaboratorv  5  ,.•   ■  /Lectures  2 

•    '        4.  Mining  i  t    u 

^  °  (^Laboratory'  3 

5.     Surveying    .  .  . .     3 

Total  ..   30 

Abbreviated  syllabuses  are  as  follows  : — 

1.  Geology. — Rock  types.  Classification  of  rocks.  Igneous  rocks, 
earth  movements,  structures  of  sedimentary  and  igneous  rocks.  Meta- 
morphic  rocks,  stratigraphical  geology,  geological  systems. 

2.  Metallurgy. — Properties  of  common  metals  and  alloys.  Melting 
and  casting.  Furnaces.  Flues,  Fuel,  Gas  furnace.  Properties  and  uses 
of  the  metals,  Gold,  Silver,  Mercury,  Copper,  Tin,  Zinc,  Lead,  Iron, 
Platinum,  Iridium,  Palladium,  Cadmium,  Bismuth,  Aluminium,  Nickel 
and  thin  chief  Alloys. 

3.  Engineering. — Elementary  principles  of  machine  design,  tools, 
types  of  boilers  and  boiler  fittings,  steam  engine  parts.  Types  of  steam 
engines,  gas  and  oil  engines.  Ohm's  law,  Electric  energy  and  power. 
Cables.     Electro-magnetism.     Electric  lighting. 

4.  Mining. — Underground  development  and  methods  of  working, 
Transport,  Winding,  Drainage,  Ventilation,  Lighting,  Working  of  ore 
deposits. 

5.  Surveying.— Co-ordinates,  triaugulation,  various  methods  of 
levelling.  Connection  of  surface  and  underground  surveys.  Determi- 
nation of  latitude  and  longitude,  setting  out  of  curves,  Borehole  survey- 
ing. 

Third  year — 

The  subjects  are  : — 
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Hours  Hours 

per  week.  per  week. 

u.    •  (  Lectures  .  .  3  n^\„„  ,     /Lectures    .  .   4 

1.  Mining  ■■  J  laboratory 6       4-     Geology    |FieldWorkl^ 

2.  Surveying     . .  •  •      3       5-     Accounting  . .    1 

„     .         .  f  Lectures       5       6.     Mineralogy'  . .   3 

2.     Engmeermg..(practical      -j 

Abbreviated  syllabuses  are  as  follows  : — 

1.  Mining. — Pumping.  Explosions.  Valuations.  Mining  juris- 
prudence. Metal  mine  plant.  Dredging.  Air-compressing.  Dressing 
of  minerals  and  fuels. 

2.  Surveying. — Practical  work,  including  a  plan  of  an  underground 
traverse,  a  sectional  levelling,  and  a  surface  survey. 

3.  Engineering. — Electrical  generators  and  transformers.  Electri- 
cal motors.     Switch-gear.     Measuring  instruments.     Lamps. 

4.  Geology. — Lithological  geography.  Economic  Geology.  Water- 
supply.     Building  materials.     Fuels.     Ore  deposits. 

Diploma  and  Degree  students  are  required  also  to  take  courses  in 
Mine  Rescue  Work  and  Ambulance. 

The  time  of  the  mining  students  at  the  University  is  not  entirely 
devoted  to  theoretical  work ;  much  of  it  is  of  a  thoroughly  practical 
character.  There  are  occasional  visits  to  the  mines  of  the  neighbour- 
hood, and  either  a  few  weeks  are  devoted  by  the  students  each  year,  in 
company  with  a  member  of  the  staff,  to  the  inspection  and  study  of 
some  group  of  British  or  foreign  mines,  to  a  school  of  practical  survey- 
ing at  a  mine,  or  arrangements  are  made  for  the  students  to  have  from 
two  or  three  months'  practical  experience  at  a  mine. 

The  practical  training  given  to  the  mining  students  at  Birmingham 
University  is  very  exhaustive  and  complete.  Briefly  it  may  be  said 
that  Birmingham  specialises  in  fuels  as  Sheffield  in  steels,  but  every 
branch  of  prospecting  and  mining  is  taught  practically.  A  full-sized 
drilling  plant  is  installed  near  the  power-house  for  instruction  and  ex- 
perimental work  in  boring.  The  plant  is  designed  so  as  to  be  adap- 
table for  any  of  the  various  systems  of  boring  in  use.  There  is  an 
experimental  mine,  fitted  with  a  5-foot  Capell  fan,  and  containing  about 
half  a  mile  of  galleries,  which  has  been  found  extremely  useful  for  prob- 
lems in  ventilation,  and  for  rescue  and  surveying  work.  The  rescue 
station  at  the  University  is  the  central  station  for  several  rescue  centres 
round  about,  each  of  which  operates  in  a  radius   of  ten   miles.     The 
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instructors  at  these  centres  were  all  originally  taught  in  the  University, 
and  from  time  to  time  come  there  to  acquire  further  knowledge. 

The  laboratories  of  the  mining  department  are  fully  equipped  with 
modern  machinery,  and  include  an  ore-dressing  laboratory  capable  of 
treating  experimentally  any  ore  or  fuel.  Special  rooms  are  set  aside  for 
the  examination  and  analysis  of  oils,  coals  and  gases.  A  special  re- 
search laboratory  is  equipped  for  the  testing  of  self-contained  breathing 
apparatus.  A  spacious  drawing  office  and  departmental  library  are 
available  for  the  use  of  the  students,  and  an  exceptionally  fine  specimen 
and  model  room  forms  the  entrance  hall  to  the  whole  department. 

Attendance  of  Students. 

The  number  of  students  attending  the  various  courses  for  the  last 

five  years  are  : — 

1910-11.     1911-12.     1912-13.     1913-14.     1915. 

Coal         Mining   . .       20  22  25  31  16 

Petroleum  ......  2  9  14  9 

Metal           ,,         ..         4  5  5  4  2 

Special        ,.          . .         1  4  1  2 

Total  25  33  40  51  27 

The  number  in  session  1914-15  is  affected  by  the  war. 
Fees. — The   fees  for  the  Three- Year  Course  is  £109-1,  or  £36-7  per 
year. 

Scholarships. 

Five  major  scholarships  of  the  annual  value  of  £50  each  for  three 
years  are  awarded  by  the  Education  Committee  of  the  City  of  Birming- 
ham on  the  results  of  the  Matriculation  Examination  or  one  of  the 
higher  examinations,  viz.  the  Intermediate  Science  or  Arts  Exami- 
nations, and  the  First  Examination  in  Engineering,  Metallurgy  or 
Mining.  Candidates  must  reside  within  the  City  of  Birmingham  and 
have  attended  a  Primary  or  Secondary  School  for  not  less  than  two 
years. 

A  scholarship  of  the  annual  value  of  £25,  tenable  for  not  more  than 
three  years  at  the  University  of  Birmingham,  is  awarded  by  the 
Piddock  Trustees  on  the  results  of  the  Matriculation  Examination  or 
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one  of  the  higher  examinations,  viz.  Intermediate  Science  or  Arts 
Examinations  and  the  first  examination  in  Engineering,  Metallurgy, 
Mining,  or  Medicine. 

Candidates  must  be  under  17  years  of  age.     The  scholarships  are 

awarded  periodically  to  boys  who  have  for  at  least  two  years  attended 

either  Council  Schools  or  Voluntary  Schools  in  the  City  of  Birmingham. 

A  scholarship  of  the  annual  value  of  £2 1  has  been  presented  to  the 

University  by  a  firm  in  Sheffield. 

The  scholarship  will  be  awarded  on  the  result  of  a  triennial  examin- 
ation, the  details  of  which  are  given  below  : — 

The  scholarship  will  be  awarded  only  to  students  who  intend  taking 
the  Degree  of  Mining  Diploma,  and  is  tenable  for  three  years. 
Those  eligible  for  the  scholarship  are  : — 

(a)  Mining  students  articled  to  Mining  Engineers,  Colliery  Man- 
agers or  Colliery  Proprietors,  whose  mines  or  offices  are 
situated  within  the  area  which  is  educationally  under  the 
control  of  the  University  of  Birmingham. 
{b)  Other  persons  actually  employed  underground  or  who  have 
been  so  employed  for  a  period  exceeding  three  years  at  a 
Colliery  in  the  area  mentioned  above,  provided  that  in 
both  cases  the  applicant  has  attained  the  age  of  18  years, 
and  that  he  intends  as  soon  as  he  is  properly  qualified  to 
present  himself  for  the  Collier}-  Manager's  First  Class 
Certificate  of  competency  to  manage  a  mine. 

Regular  attendance  at  lectures  and  classes  and  examinations  is 
compulsory. 

The  scholarship  may  be  withdrawn  at  any  time  on  account  of  ir- 
regular attendance,  failure  to  pass  examinations,  or  bad  behaviour. 

UNIVERSITY    OF    BIRMINGHAM. 

Minixg  Departmext. 

Regulations  to  be  observed  by  Students  taking  the  Summer  Mine-Surveying 

Course. 

i.  Every  student  must  signify  in  writing  that  he  holds  neither 
the  University  staff  nor  the  Owner  or  Manager  of  the  mine  in  which 
the  work  is  being  conducted,  responsible  for  his  personal  safety,  whilst 
engaged  in  surveying  or  other  work  in  or  about  the  mine ;  the  signed 
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paper  to  be  held  during  the  course  by  the  Manager  of  the  mine,  and  to 
be  returned  to  the  student  at  the  expiration  of  the  course. 

2.  During  working  hours  the  University  rules  regarding  discipline 
will  be  strictly  enforced.  All  students  must  adhere  to  these  rules,  and 
to  any  others  which  it  may  be  thought  necessary  by  those  in  charge  to 
post  up  at  the  mine. 

3.  The  instruments  given  out  to  students  at  the  commencement 
of  each  shift  will  be  regarded  as  under  the  students'  care  ;  and  they 
(the  students)  will  be  held  responsible  for  the  instruments  until  they 
are  returned. 

4.  Should  an  instrument  be  found  to  be  damaged  when  received 
by  a  student,  or  should  an  instrument  be  damaged  in  any  way  during 
work,  or  should  it  be  found  to  be  out  of  adjustment,  the  fact  should  be 
immediately  reported.  Should  any  damage  incurred  during  work  be 
due  to  carelessness  or  to  improper  use,  the  repair  will  be  charged  to  the 
student  responsible.  All  losses  of  parts  of  instruments,  of  arrows,  tapes, 
etc.,  will  be  charged  to  the  student  responsible. 

5.  A  sheet  showing  the  nature  of  the  work  of  the  shift,  the  in- 
struments to  be  used,  and  the  part  of  the  mine  to  be  surveyed,  will  be 
posted  up  previous  to  the  commencement  of  every  shift.  Students 
must  strictly  adhere  to  the  directions  set  forth  by  such  notices,  and  on 
no  account  pass  into  any  part  of  the  mine  not  specified  on  the  notices. 

6.  Students  must  keep  in  adjustment  all  instruments  delivered  to 
them,  and  all  instruments  must  be  cleaned  by  the  students  before  being 
returned  to  the  Instructor  at  the  end  of  each  shift. 

7.  Exchange  of  instruments  must  not  be  made  by  students  with- 
out the  consent  of  the  Instructor,  and  students  must  not  allow  any 
person  other  than  a  member  of  the  class  to  handle  an  instrument. 

8.  Theodolites  and  levels  must  be  packed  in  their  cases  when  they 
have  to  be  carried  underground  a  distance  greater  than  50  yards. 
Cases  must  not  be  left  at  a  shaft  bottom  or  at  the  mouth  of  a  level,  but 
must  be  taken  along  with  the  party.  When  any  instrument  is  carried 
from  one  station  to  another  it  must  be  taken  off  its  stand  and  carried 
separately.  When  going  up  or  down  ladders  of  steep  places,  such  as 
winzes,  rises,  stopes,  etc.,  all  instruments  must  be  packed  in  their  cases. 

9.  Saturdays  will  not  be  considered  as  holidays.  Should  time 
permit,  holidays  will  be  arranged  for  in  the  middle  of  the  week  instead 
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of  Saturdays,  but  students  must  be  prepared  to  work  six  days  in  the 
week  if  necessary. 

10.  Students  will  be  expected  to  devote  much  of  their  spare  time 
to  computing  co-ordinates,  performing  other  office  work,  and  to  plotting 
the  surveys.  Students  must  therefore  provide  themselves  with  the 
following  instruments  : — 

(a)  All  the  drawing  instruments,  etc.,  used  in  the  mine-surveying 

drawing  office  during  the  ordinary  courses. 

(b)  A  book  of  logarithms  (preferably  6  figures). 

(c)  A  plump-bob. 

(d)  Field  book  and  office  book. 

(e)  Drawing  paper. 

(/)  Traverse  tables  (optional). 

ii.     Students  must  provide  their  own  caudles. 

12.  Clay  must  on  no  account  be  used  when  carrying  candles 
underground. 

Regular  attendance,  strict  punctuality,  and  due  regard  to  all  rules  and  instruc 
tions,  are  necessary  for  the  successful  working  of  the  class. 

UNIVERSITY   OF    BIRMINGHAM. 

Mining  Department. 
I,  ,  a  student  in  the 

Mining  Department  of  the  University  of  Birmingham,  hereby  declare 
that  I  do  not  hold  the  Owner,  Agent  or  Manager  of  the 

Mine,  in  the  County  of  or 

members  of  the  University  staff,  responsible  for  any  bodily  injury 
whatsoever  that  may  be  sustained  by  me  whilst  at  work  in  or  about 
the  said  mine. 

Signed 

Date 

Witness  to  ) 
signature  ( 
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Name  of  Student 


Diary  for  the  Month  ending 
Name  and  Situation  of  Mine  . 


191 


Hours  at  Work. 

Date 

Description  of  work. 

From 

To 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

1 1 

12 

13 

14 

15 
16 

17 
18 

19 

20 

21 

22 

23 

24 

25 
26 

27 
28 

29 

30 

31 

I  hereby  certify  that  the  above  entries  are  correct,  and  that    the   Student's 

conduct  has  been 

(Signed) 

Manager. 

N.B. — At  the  commencement  of  the  ensuing  session  the  student  must  submit 
this  Diary  to  the  Professor,  together  with  detailed  notes  and  sketches. 
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APPENDIX    V. 


WIGAN   MINING   AND  TECHNICAL   COLLEGE. 

General. 

This  college  dates  back  to  the  year  1857,  and  is  thus  one  of  the 
oldest  technical  schools  in  the  Kingdom.  It  comprises  lecture  rooms 
for  Science  and  Art,  drawing  offices,  and  departments  of  Mining,  Chem- 
istry, Metallurgy,  Physics,  and  various  workshops.  The  main  object  of 
the  college  is  the  teaching  of  mining  and  allied  subjects  to  meet  the 
requirements  of  those  who  intend  to  become — 

(1)  Mining  Engineers.  (3)  Colliery  Managers. 

(2)  Mine  Surveyors.  14)  Teachers  of  Mining. 

The  mining  courses  offered  are — 

(1)  Diploma  course — three  years. 

(2)  Part-time  course — five  sessions,  oie  day  and  oie  evening  per 

week. 

(3)  Saturday  course — four  sessions. 

(4)  Evening  coal  mining  classes — Six  sessions. 

Preliminary  Technical  Course. 

It  is  considered  very  desirable  that  students  should  have  not  less 
than  four  to  six  months  of  colliery  experience  before  entering  the  Col- 
lege. 

This  is  for  students  under  17  years  of  age,  and  success  in  it  admits 
students  to  the  higher  courses,  including  the  mining  course. 

The  subjects  are— (1)  Mathematics,  (2)  Practical  drawing,  (3)  Ex- 
perimental Physics 

Each  subject  has  one  lecture  a  week  of  zh  hours   duration. 

Abbreviated   Syllabus. 

1.  Mathematics. — Fractions  and  decimals.  Square  and  cube  root. 
Areas  of  plane  figures.  Use  of  squared  paper  to  determine  areas. 
Volumes  of  sphere,  cone  and  cylinder.  Meaning  of  algebraic  symbols. 
Simple  rules  and  formulae.  Simple  equations  of  one  unknown.  Ratio 
and  proportion.     Geometric  and  Arithmetic  means.     Percentages. 

2.  Practical  drawing. — Copying  to  scale.     Finding  distances,  etc. 
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on  scaled  drawings.  Lines  and  angles.  Divisions  of  lines.  Circles. 
Plans,  elevations  and  sections  of  simple  solids.  Freehand  dimensioned 
sketches  from  models  of  simple  machine  details. 

3.  Experimental  Physics. — British  and  metric  systems.  The  Ver- 
nier. Determination  of  volume  by  practical  methods.  Relation  be- 
tween mass  and  weight.  Gravitation.  Densities.  Fluid  pressure. 
Siphons.  Pressure  of  gases.  The  barometer.  Boyle's  law.  Result- 
ants of  forces.  Equilibrium  of  forces.  The  lever.  Effects  of  heat  on 
matter.  Melting  and  boiling  points.  Thermometers.  Evaporation 
and  condensation. 

Diploma  Course. 

Not  less  than  four  months  in  each  year  must  be  spent  in  practical 
work  in  a  mine. 


First  year — 

The  subjects  of  this 

course  are 

as  follows  : — 

Hours 

Hours 

per  week. 

per  week. 

Mathematics 

•  ■       0 

Engineering  drawing 

3 

Chemistry 

..     6 

Electro-technics 

..       6 

Surveying 

..     6 

Colliery  practice 

Engineering  Science 

••     3 

— 

30 

Abbreviated  Syllabus. 

Mathematics. — Arithmetic  and  Algebra  to  proportion  and  variation. 
Mensuration  and  Geometry  to  Euclid,  Book  VI.  Graphs.  Trigono- 
metry to  solution  of  right-angled  triangles. 

Chemistry. — Apparatus.  Acids.  Alkalis.  Metals  flame.  Carbon. 
Sulphur.  Oxides.  Ammonia.  Chlorine.  Systematic  and  volumetric 
analysis. 

Surveying. — Measurements.  Magnetic  needle.  Booking.  Booking 
Surveys.     Levelling. 

Engineering  Science. — Force.  Elasticity.  Composition  of  forces. 
Horse  power.  Screw-jack,  etc.  Simple  steam  engines.  Lancashire 
boiler,  gases,  laboratory  work. 

Engineering  Drawing. — Projection.  Isometric  projection.  Sketch- 
ing models  and  machine  parts.  Machine  details.  Pulleys  and  coup- 
lings.    Cranks  and  eccentrics. 
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Electro-technics. — Ohm's  law. 
Measuring  instruments.  Lighting. 
Testing  insulation  fcr  faults. 

Collierv   Practice. — Introductory 
in  mines.     Safety  lamps.    Coal  dust 
and  CH.     Experiments  in  laboratory  with  gauges,  anemometers,  ori 
fices,  etc. 


Magnets.     Secondary      batteries. 
C.C.  and  A.C.  motors.     Switches. 

Geology.     Shaft    sinking.     Gases 
Ventilation.     Estimation  of  CO. 


Second  year — 

The  subjects  in  this  year  are  as  follows  : — 


Mathematics 

Hours 
per  week. 

•      3 

Surveying  .  . 

Hours 
per  week 

..     6 

Chemistry  . . 

..     6 

Electro-technics 

■•     3 

Colliery  practice 
Engineering  science 
Engineering  drawing 

■■     3 
••     3 
••      3 

Geology- 
Total 

■■     3 
..  30 

Abbreviated   Syllabus. 

Mathematics. — Algebra  to  binomial  theorem  for  positive  index. 
Logarithms.     Graphs.     Simpson's  rule.     Solution  of  triangles. 

Chemistry. —Mine  gases.  Analysis  of  mine  air.  Simple  gravimet- 
ric and  volumetric  analysis.     Fuel.     Gas  producers. 

Colliery  Practice. — Explosives  and  shot-firing.  Methods  of  working 
and  timbering.  Shaft  pillars.  Coal-cutting  and  conveying.  Under- 
ground haulage. 

Engineering  Science. — Vector?.  Newton's  laws  of  motion.  Work, 
power,  energy-.  Simple  braced  frames.  Friction.  Pulleys.  Gearing. 
Hydrostatics,  slide  valve.  Steam  engine  details.  Gas  and  oil  engines. 
Indicators      Efficiency  of  engines. 

Engineering  Drawing. — Transmission  of  motion.  Pipes  and  pipe 
joints.     Flanges.     Pistons-     Glands.     Boiler  details. 

Surveying. — Adjustment  of  instruments.  Triangulation.  Theodo- 
lite surveying.     Traversing.     Levelling.     Use  of  tables. 

Electro-technics. — Continuous  current.  Testing.  Properties  of 
materials.     Design  of  motors.     Efficiency.     Power  transmission. 

Geology. — Dynamic  and  structural  GeologyT.  Stratigraphy.  Uses 
of  fossils.  Geology  of  British  Isles.  Geological  surveying  and  map- 
ping. 
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Third  year — 

The  subjects  in  this  year  are  as  follows  :- 


Electro- technics 
Colliery  Engineering 
Colliery  Practice 
Mining  Laboratory 
Surveying  .  . 


Hours 
per  week. 

3 

3 
9 
3 


Chemistry  of  fuels 
Geology 

Total 


Hours 
per  week. 

..       6 
..       6 


•    33 


Abbreviated  Syllabus. 

Electro-technics. — Alternating  current.  Design  of  motors  and 
generators.     Testing  Transformers.     Power  transmission. 

Colliery  Engineering. — Boring  and  sinking.  Shaft  equipment. 
Pumping.  Haulage.  Ventilating  plant.  Power  station  and  transmis- 
sion.     Bank  arrangements.     Coal-washing  and  coking. 

Colliery  Practice. — Coal  dust.  Explosions.  Gob  fires.  Rescue 
work.     Inundations.     Legislation.     General  management  and  costs. 

Surveying — Railway  survej'S.  Tunnel  alignment.  Water  supply. 
Valuation.     Trigonometrical  surveying.     Office  work. 

Chemistry  of  Fuels. — Coal  and  coke  and  their  ultimate  analysis. 
Coking  and  by-product  plant.  Distillation  of  coal  at  low  temperatures. 
Recent  work  on  coal  and  coal  dust. 

Geology. — Elements  of  Mineralogy.  Building  materials.  Fuel. 
Coalfields.     Occurrence  of  ores.     Determination  of  minerals. 


Part-time  Course. 
One  day  and  one  evening  per  week  for  five  sessions. 
First  year — 

Chemistry,  as  in  first-year  Diploma  course. 

Mathematics,  „  ,,  „  „ 

Engineering  drawing, 

Second  year — 

Mathematics,  a?  in  second-year  Diploma  course. 

Colliery  practice.  „     first          „            ,,              „ 

Engineering  science,  ,,     first          ,,           ,.             ,, 
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Third  year — 

Colliery  practice. 
Surveying, 
Engineering  science, 

Fourth  year — 

Electro-technics, 
Colliery  practice, 
Surveying, 

Fifth  year — 

Colliery  Engineering,  as  in  3rd-year  Diploma  course. 
Geology,  ,,      2nd    ,.  „  ,, 

Electro-technics.  ,,      2nd    „  ,,  ,, 


as  in  second-year  Diploma  course. 
,.     first  ,,  ,,  ,, 

„     second     .. 

as  in  first-year  Diploma  course. 

„     3rd      » 
,,     2nd      ,, 


Saturday  Mining  Course. 
This  course  is  intended  for  students  who  intend  sitting  for  Colliery 
Managers'  certificates.     It  entails  Saturday  afternoon  and  evening  and 
one  other  evening  per  week  for  four  sessions. 


Hours. 


Hours. 


First  year — 

Mathematics 

. .      2 

Drawing     .  . 

. .     2 

Second  year — 

Mathematics 

. .      2 

Mining  Drawing 

2 

Third  year — 

Mathematics 

2 

Colliery  Practice 

2 

Fourth  year — 

Surveying  . . 

. .     2 

Colliery  Practice 

. .      2 

Experimental  Physics 


Mining  Science  .  .    z\ 


Engineering  Science 


Engineering  Science     .  .    z\ 


The  evening  coal  mining  classes   entail  three  evenings  per  week, 
two-and-a-half  hours  each  evening.     The  subjects  are  as  follows: — 

First  year — 

Mathematics,  as  in  first-year  Diploma  course. 

Drawing,  ]  ,-,   ,      , 

...   .      °;  .  V     ,,     Saturday  course. 

Mining  Science,    J 
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Second  year — 

Mathematics,  as  in  second-year  Diploma  course. 

Engineering  Science,  ,,     first          „           „             ,, 

Colliery  Practice,  ,,     first          ,,          ,,             „ 

Third  year — 

Surveying,  as  in  first-year  Diploma  course. 

Engineering  Science.  ,,     second ,,           ..            „ 

Colliery  Practice,  ,,     second  ,,           ,,             ., 

Fourth  year — 

Surveying,  as  in  second-year  Diploma  course. 

Electro-technics,  „      first          ,.             ,.              „ 

Colliery  Practice,  „      third       ,,            ,. 

Fifth  year — 

Geology,  as  in  second-year  Diploma  course. 

Colliery  Engineering  (part),    ,,      third       ,,  „  :, 

Electro-technics,  .,      third       ,,  .,  „ 

Sixth  year — 

Geology,  as  in  third-year  Diploma  course. 

Surveying,  ,,     third     „  ,,  „ 

Colliery  Engineering  (part),     ,,     third      ,, 

The  accommodation  for  the  work  that  mining  students  do  at  the 
Wigan  Technical  and  Mining  School  is  as  follows : — 
(i)  Surveying  lecture  and  drawing  office. 

(2)  Geological  museum. 

(3)  Mining  model  room. 

(4)  Mining  lecture  room. 

(5)  Science  lecture  room. 

(6)  Chemical  laboratory  (for  12  students). 

(7)  Physics   laboratory,    with    dark    room   for   photometry    and 

spectrometry. 

(8)  Metallurgical  and  mining  laboratory. 

(9)  Experimental  engine  room. 

(10)  Fitting  shops. 

(11)  Testing  of  materials  room. 

(12)  Mechanical  laboratory. 
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Chemistry  and  Physics  are  taught  with  a  view  to  mining  work,  but 
mine  air  analysis  is  not  done.  In  the  mining  laboratory  there  are 
chambers  for  testing  safety  lamp,  an  experimental  ventilating  gallery 
worked  by  Mathews  and  Yate's  fan,  and  a  model  rolling  mill.  The  ex- 
perimental plant  includes  a  75  H.P.  steam  engine  with  a  loco  type 
boiler,  and  a  12  H.P.  gas  engine.  For  the  testing  of  materials  there 
are  a  50-ton  tester,  a  Torsion  and  a  bending  machine,  various  smaller 
testers,  a  2,000-lb.  cement  tester,  and  a  machine  for  demonstrating 
balancing  of  engines.  The  mechanical  laboratory  is  fitted  with  appara- 
tus of  all  kinds  to  illustrate  levers,  pulleys,  friction,  trains  of  wheels, 
extension  of  wires,  etc. 

Attendance  of  Students. 

Average  number  of  full-time  day  students  for  the  last  six  years     7 
Ditto  attending  part-time  Day  Course  for  the  last 

three  years  .  .  . .  . .    27 

Ditto  attending  Evening  Classes  for  the  last  six  years  85 

Ditto  attending  Saturday  Course  for  the  last  six  years  64 

Fees. 
Thirty-five  guineas  per  session  and   a  deposit  of  one  guinea  for 
breakages. 

Scholarships. 
A  scholarship  of  the  value  of  £52  per  annum,  tenable  by  a  deserving 
evening  student  for  three  years  in  the  Day  Mining  Department,  is  offered 
by  a  prominent  Lancashire  coal-owner. 

Prizes. 
A    firm   in  Newcastle   offer   two  prizes,   value   £10   10s.    each,   for 
Mining  and  Metallurgy,  to  be  competed  for  during  the  session. 

Summer  Course  of  Practical  Work. 
Students  should  endeavour  to  have  arrangements  for  their  practi- 
cal work  made  before  the  end  of  February.  The  following  are  the  con- 
ditions under  which  they  enter  upon  this  work,  and  present  also  an 
outline  of  the  training  which  is  suggested  as  most  desirable  in  so  far  as 
the  particular  circumstances  will  allow  : — 

(1)  Each  student  to  be  entirely  under  the  direction  and  supervi- 
sion of  the  Manager  or  any  official   deputed  by  him  for 
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this  purpose,  and  to  keep  a  record  of  every  day's  work  for 
presentation  to  the  Principal  at  the  end  of  each  period. 
Any  breach  of  discipline  at  the  mine  will  be  treated  as  a 
breach  of  the  College  regulations,  and  may  lead  to  the 
suspension  of  the  student. 

(2)  Study  of  the  duties  of  the  various  officials  in  conformity  with 

the  requirements  of  the  C.  M.  Acts  ;  accompanying  fireman 
(or  deputy)  in  his  examination  of  the  workings ;  assisting 
the  roadsmen  (or  datallers)  in  the  erection  of  brattice 
screens,  doors,  timber  supports,  repair  of  roadways,  etc. ; 
assisting  the  surveyors  above  and  below  ground  :  plotting 
surveys  and  levels  and  making  plans  :  assisting  the  under- 
manager  to  measure  the  air-currents  of  the  mine  :  assisting 
in  the  erection  or  repair  of  machinery  above  or  below 
ground;  and  making  a  careful  stud}-  of  the  process  of 
screening,  washing  and  coking  of  coal. 

(3)  Assisting  in  the  measurement  of  the  insulation,  leakage,  etc. 

of  electric  cables,  motors,  and  transformers,  and  in  the 
working  of  coal-cutting  machines  ;  visiting  the  workshops, 
lamp  cabins,  etc.  in  order  to  acquire  a  detailed  knowledge 
of  the  work  as  it  is  carried  on  ;  and  generally  to  assist  in 
an}-  other  work  which  the  Manager  or  his  deputies  may 
require. 

Summer  Session. 

About  three  weeks  in  every  summer  will  be  devoted  to  visiting 
and  making  a  thorough  inspection  of  the  mines  in  some  metalliferous  or 
coal-mining  district  either  in  Great  Britain  or  abroad.  The  students 
will  be  required  to  take  detailed  daily  notes,  and  to  furnish  a  full  report 
upon  the  termination  of  the  visit  of  inspection.  This  practical  course 
is  open  to  students  other  than  College  students  on  payment  of  a  fee  of 
£5  5s.  No  fee  is  charged  to  College  students.  Visits  have  been  made 
during  preceding  sessions  to  :  Lanarkshire,  The  Lothians.  Fifeshire, 
South  Wales,  Belgium,  the  Metalliferous  Mines  of  Cornwall,  the  West- 
phaliau  Coalfield,  and  the  Pas  de  Calais  coalfield  in  the  north  of 
France. 
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APPENDIX   VI. 


THE  SOUTH   WALES   AND    MONMOUTHSHIRE  SCHOOL 

School  of  Mines,  Treforest. 

General. 

Some  four  years  ago  the  leading  coal-owners  of  the  South  Wales 
coal-field,  feeling  that  improved  technical  education  was  imperative  for 
the  South  Wales  coal  industry,  and  after  receiving  a  report  on  the  ques- 
tion from  Professor  Louis  of  Newcastle  and  a  memorandum  upon  it  bv 
Mr.  G.  Knox,  who  subsequently  was  appointed  Principal  (both  attached), 
decided  to  establish  a  School  of  Mines  in  the  coal-field.  The  site  chosen 
at  Treforest  is  in  the  centre  of  the  coal-field  among  some  of  the  largest 
steam  coal  collieries.  A  trust  was  formed  by  the  leading  colliery  com- 
panies, who  agreed  to  contribute  one-tenth  penny  per  ton  of  coal  raised 
by  them.  As  the  output  of  the  contributing  companies  is  30  million 
tons  per  year,  the  annual  income  thus  assured  is  /12,50c 

The  annual  output  of  the  South  Wales  coal-field  is  50  million  tons. 

The  school  is  controlled  solely  by  the  coal-owners,  who  have  ap- 
pointed a  Committee  as  a  Governing  Body. 

The  school  has  now  been  in  existence  some  iS  months. 

It  is  well  staffed  and  admirably  equipped,  its  engineering  and  min- 
ing laboratories  being  most  up-to-date. 

Situated  in  the  centre  of  the  coal-field  and  controlled  by  the  colliery 
owners  themselves,  students  are  offered  every  opportunity  of  coming 
during  their  school  course  into  actual  touch  with  the  industry. 

This  intimate  relation  between  the  school  and  the  industry   is  a 
characteristic  distinguishing  the  Treforest  School  of  Mines. 
Courses  offered — 

(1)  A  three  years'  full-time  Mining  Diploma  of  30  hours  per  week 

and  30  weeks  per  year. 

(2)  Part-time  day  courses  for  four  years  and  one  dav  of  3  hours 

per  week  for — 


Mine  Managers. 

Mechanics. 

Electricians. 

(3)  Special  course  for  colliery  officials. 


Chemists. 

Mine  Survevors. 
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Preliminary  knowledge  required — 

No  entrance  examination  has  to  be  passed  but  the  Principal  has 
the  right  to  refuse  to  admit  any  student  whose  preliminary 
education  he  considers  to  be  so  defective  as  to  render  it 
impossible  for  him  to  benefit  by  the  courses  at  the  school. 


First  year — 
Geology 

Engineering .  . 

Chemistry    . . 


Physics 

Practical  Mathematics 

Colliery  Practice 

Surveying    .  . 


Three-year  Diploma  Course. 


\  Practical  5  hours 

(Lecture     2      ,, 
Practical  6 
{Lecture 
Practical 
■  Lecture 
,-  Practical 

Lecture 
f  Lecture 
( Laboratory 
C  Lecture 
Field 


Hours 
per  week. 


} 
} 
} 
} 

} 


29 


Second  year — 

Hours 
per  week. 

Hours 
per  week 

Applied  Geology  and  Mineralogy 

6 

Engineering  Drawing 

•  •     .2 

Colliery  Practice 

2 

Chemistry  of  Fuels 

1 

Surveying 

6 

Practical  Mathematics 

1 

Colliery  Engineering 

_> 

— 

Electro-technics 

4 

Total 

. .    28 

Mechanics  and  Heat  Engines 

4 

— 

Third  year — 

Chemistry  of  Fuels. . 

4 

Electro-technics 

••     4 

Colliery  Engineering 

4 

Mining  Laboratory 

..     6 

Mine  Surveying 

8 

— 

Collierv  Practice 

2 

Total 

. .   28 

The  first  year  is  spent,   not  at  the  school  of  mines,   but  almost 
entirely  at  the  University  College  of  Cardiff,   which  is  11  miles  away, 
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students  only  attending  at  the  school  of  mines  in  this  }^ear  for  a  course 
in  colliery  practice. 

The  second  year  is  spent  at  the  school  of  mines,  but  students  at- 
tend the  courses  in  Practical  Mathematics  and  Chemistry  of  Fuels  at 
the  University  College  in  this  year. 

The  third  year  is  spent  entirely  at  the  school  of  mines. 

Details  of  Courses. 

Physics. — First  year — Elementary  Magnetism,  Current,  Electricity. 
Heat  and  Light. 

Geology. — First  year — Chief  Elements  of  the  Earth  crust.  Chief 
Rock-forming  minerals.  Igneous,  Sedimentary  and  Metamorphic  Rock, 
Volcanoes,  Structure,  Phenomena-products  and  Geographical  distribu- 
tion. Earthquakes.  Secular  movements.  Denudation,  transport  and 
deposition  of  rocks.  Structural  Geology.  Scope  of  Historical  Geology. 
Fossils,  Classification  of  animals  and  plants.  The  Geological  Record. 
Stratigraphy  of  the  British  Isles. 

Chemistry. — First  year—  General  objects  of  Chemistry,  Elements, 
Mixtures  and  compounds,  Laws  of  Chemical  Combination.  Property  of 
Gases,  Atomic  Theory,  Non-Metallic  Elements  and  their  principal  com- 
pounds. The  atmosphere,  natural  waters.  Combustion.  Chemical  cal- 
culations, Chemistry  of  principal  metals  and  their  compounds.  Practi- 
cal work.  Preparation  and  examination  of  the  important  compounds 
of  the  Non -Metallic  Elements. 

Engineering. — First  year. — The  course  forms  an  introduction  to  ap- 
plied Mechanics  and  Mechanical  Engineering  and  includes  Composition 
and  resolution  of  velocities  and  forces.  Applications  to  simple  machines 
and  structures — Kinematics  of  mechanisms.  Measurements  of  Energy. 
Power  work.  Friction.  Properties  and  strength  of  materials,  strength 
of  Boilers.  Testing.  Bending  moments.  Shearing  Force.  Construc- 
tion and  elementary  theory  of  Steam  Engine.  Gas  and  Oil  Engine. 
Valve  gears.     Elements  of  Hydromechanics. 

Elementary  Graphic  Statics. 

Displacement  and  Velocity  Diagrams. 

Practical  Mathematics. — First  and  second  years.  Arithmetic. — Prin- 
ciples of  approximation  and  contracted  methods.  .Square  Roots,  etc. 
Use  of  Slide  Rule  and  Logarithms. 
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Geometry. — Up  to  Co-ordinates,  Equations  of  straight  line,  Circle. 
Parabola,  Ellipse  and  Hyperbola,  Orthogonal  projection. 

Algebra. — Up  to  Differential  and  Integral  Calculus. 

Colliery  Practice. — First,  second  and  third  years. — This  covers  a  great 
deal  of  the  subject  usually  termed  "  mining"  syllabus,  and  include — 

Mine  gases,  lighting,  ventilation,  sinking  and  fitting  of  shafts 
Explosives  and  shot-firing.  Timbering,  methods  of  work,  coal  dust. 
Explosions.  Gob  fires.  Rescue  work,  inundations,  subsidence,  legisla- 
tion, general  management  of  mines,  deep  mining  problems. 

Miin-  Surveying. — First,  second  and  third  years. — Up  to  six  including 
— Traverses  and  plotting  by  co-inclinates,  railway  surveys.  Tunnel 
alignment  setting  out.  Valuation  of  mineral  property.  Stadia  survey- 
ing. Trigonometrical  surveys,  observations  of  Geographical  Meri- 
dians. 

Applied  Geology  and  Mineralogy. — Second  year. — Geological  survey- 
ing and  mapping,  building  materials,  fuels,  coalfields,  ores,  occurrence 
and  classification  of  minerals.  Optical  properties.  Crystallography, 
practical  work. 

Determination  of  rocks  and  rock-forming  minerals  by  physical,  op- 
tical and  chemical  tests.     Tests  by  wet-reagents  and  blow-pipe  analysis. 

Microscopic  examination. 

Examination  of  fossils. 

Engineering  Drawing. — Second  year. — Plans,  elevations,  section  and 
interpenetration  of  solids,  cycloidal  curves.  Unity  polygon  and  polar 
diagrams,  frame  and  stress  diagrams.  Application  to  frames  and 
structures. 

Machine  drawing.  Examples  taken  from  lifting  and  pumping 
machinery,  engines,  boilers  and  frames. 

Colliery  Engineering. — Second  and  third  years. — Mechanical  coal  cut- 
ting and  conveying.  Pumping,  winding  and  haulage,  screening. 
Washing  and  coking.  Generation  and  distribution  of  power,  steam 
compressed  air,  electricity.  Mechanical  Ventilators.  General  surface 
arrangements,  comparison  of  British  and  Continental  methods.  Spe- 
cial methods  of  Boring  and  Sinking. 

Electro-technic. — Second  and  Third  years. — Nature  and  laws  of  elec- 
tricity, signalling,  units  cables.  Magnetic  properties  of  minerals.  Pro- 
duction of  Current,  Direct  current  motors,  Lighting,  Accumulators, 
Alternating  currents,   Transformers,   Alternators  and  alternate  current 
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motors,  Electric  winding,  Pumping,  Haulage  and  Coal  getting.     Trans- 
mission and  distribution  of  power. 

Chemistry  oj  Fuels. — Combustion  and  chemical  principles  involved, 
Classification  of  fuels,  Natural  fuels.  Prepared  fuels.  Calorimetry.  Pyro- 
meters, Analysis  of  fuel. 

Mechanics  and  Heat  Engines— 2nd  year. 

Principles  of  works,  Moment  of  force,  Friction,  Hydraulics,  Motion 
and  Velocity,  Energy,  Properties  and  strength  of  Materials,  Heat,  Steam, 
Indicator  Diagrams,  Steam  Engines,  Boilers,  Gas  and  Oil  Engines, 
Testing  of  Engines. 

Part-time  Courses. — These  form  an  important  part  of  the  School 
courses. 

For  instance,  a  Colliery  Manager's  course  is  offered.  Colliery  em- 
ployees can  attend  one  full  day  a  week  for  four  years,  and  obtain  a 
fairly  complete  technical  education  in  mining,  the  courses  being  largely 
the  same  as  the  Diploma  courses. 

There  are  similar  special  courses  for  Mine  Surveyors,  Mine  Chemists 

and  Colliery  Engineers. 

Scale  of  Fees. 

For  students  from  subscribing  collieries  the  fee  per  session  for  all 
full-time  courses  is  £10,  together  with  a  registration  fee  of  £'i-is.,  and  for 
all  part-time  course.  £2-ios.,  which  includes  a  registration  fee  of  £5,  and 
a  subscription  of  £5  to  the  Students'  Representative  Council. 

For  students  from  non-subscribing  collieries  an  additional  25  per 

cent  is  charged. 

Laboratory  and  Workshop  Equipment. 

Surveying  and  Engineering  Drawing  Offices.—  Each  of  these  can  ac- 
commodate some  30  students  at  work  on  plans  and  drawings. 

Models  illustrating  machines,  instruments  and  causes  of  errors  of 
instruments  are  provided. 

Chemical  and  Physical  Laboratories. — These  have  the  usual  equip- 
ment and  permit  of  some  30  students  working  in  each. 

Mechanics'  Laboratory. — This  contains  apparatus  and  models  for 
illustrating  and  testing  various  laws,  formulas  and  efficiencies,  and  in- 
cludes, amongst  others.  Atwood's  machine.  Machines  for  determining 
laws  and  co-efficients  of  friction,  stresses  in  structures,  bending  mo- 
ments, centrifugal  force.     Rope  pulley  blocks.     Screw  and  hydraulic 
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jacks.     Machine   for  illustrating  distortion   and  balancing  of  revolving 
shafts 

Mechanical  Engineering  Laboratory  and  Fitting  shops. — This  con- 
tains amongst  other  machines  : — 

1S0  tons  Testing  Machine.  7  H.P.  Pelton  wheel  with  glass  ob- 

Cement  Testing  Machines.  servation  doors. 

Small  steam  engine, 
and  centrifugal  pumps  working  against  artificial  heads. 
Suction  gas  plant  and  gas  en-        Lathe. 

gine.  Drilling  Machine. 

Babcock  and  Willcox  boiler.  Blowing  Machine. 

Electrical  Laboratory. — Containing  : — 
Electrical      measuring       instru-        Dynamos. 

ments.  Motors.  D.C.  and  A.C. 

Large  Switchboards. 

Mining  Laboratory. — Containing  : — 

Two    electrically     driven    fans.         Calorimeters. 

small  wooden  galleries.  Apparatus  for  gas  analysis. 

Geological  Laboratory  ami  Museum. — Maps,  rock  specimens,  fossils. 

Attendance. — The  school  has  only  been  in  existence  for  one  full  ses- 
sion other  than  the  present :  in  the  sessions  1913-1914  and  1914-15  the 
attendance  has  been — 

1913-14.  I9I4-I5- 

Full-time  and  Diploma  course      .  .  29  25 

Part-time  (one-day-a-week)  course  no  77 


Total  . .  139  102 


The  war  has  adversely  affected  the  session  1914-15. 

Although  this  is  the  youngest  School  of  Mines,  it  has  already 
secured  an  attendance  equalled  only  by  one  other  school  visited  for 
the  purpose  of  this  report. 

Apprenticeship. 
The  Board  have  recently  discussed  the  question  of  a  system  of 
apprenticeship  in  connection  with  the  school.     Experience  has  proved 
the  difficulty  which  exists  in  bridging  over  the  gap  between  elementary 
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and  technical  education.  It  has  been  found  that  students,  who  special- 
ise at  the  secondary  and  intermediate  schools  in  the  neighbourhood  on 
science  side  do  not  care  to  commence  work  at  the  colliery  after  thev 
have  matriculated.  Most  of  them  either  go  on  to  the  Teacher's  training 
centre,  or  go  out  as  shop-keepers  in  preference  to  entering  one  of  the 
various  branches  of  colliery  engineering.  The  scheme  is  that  each  col- 
liery company  who  subscribe  to  the  School  will  take  one  or  more 
apprentices  (without  premium)  in  the  following  branches  of  mining  engin  - 
eering,  viz.  mining,  mechanical,  electrical  and  chemical  engineering. 
Seven  months  of  the  year  will  be  spent  at  the  School  of  Mines,  and  five 
months  at  the  colliery.  The  term  of  apprenticeship  will  be  three  or 
four  years,  and  wages  will  be  paid  throughout  the  period  while  the  stu- 
dents are  at  the  colliery.  It  is  to  be  hoped  that  this  scheme  will  attract 
the  best  type  of  students  from  the  elementary  and  technical  schools 
into  colliery  work. 

REPORT   ON    PROPOSED    MINING   SCHOOL    AT    CARDIFF, 
BY    PROFESSOR    HENRY   LOUIS. 

It  should  be  premised  at  the  outset  that  in  any  complete  scheme 
of  Mining  Education,  there  are  three  totally  different  classes  of  men  to 
be  catered  for,  namely  : — 

1.  The  Colliery  Official. 

2.  The  Colliery  Manager,  Local  Manager  or  Under-Manager. 

3.  The  General  Manager,  Yiewer  or  Mining  Engineer. 

Incidentally,  the  Mine  Surveyor  and  the  Colliery  (mechanical) 
Engineer  also  need  training  :  but  these  two  last  are  special  cases,  which 
will  necessarily  be  provided  for  in  a  general  scheme,  but  to  which  it  is 
unnecessary  to  direct  particular  attention  here.  Each  of  the  three 
main  classes  referred  to  above  needs  however  his  own  distinctive  type 
of  training. 

(1)  Colliery  Officials. 

Men  of  this  class  can  probably  be  trained  quite  sufficiently  locally, 
and  would  scarcely  need  to  attend  at  a  Central  Mining  School  at  all,  or 
at  most  only  for  a  few  months  ;  but  the  training  given  them  should  be 
under  the  supervision  of  the  Central  Mining  School,  the  authorities  of 
which  might  with  advantage  conduct  their  examinations.  The  general 
scheme  of  training  should  be  about  as  follows  : — 
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It  may  be  taketi  for  granted  that  they  will  have  had  a  primary  school 
education  up  to  about  standard  6.  at  an  age  of  about  14,  when  the}^ 
will  have  gone  to  the  Pits  and  will  commence  regular  work  there.  They 
should  then  attend  Evening  Continuation  Classes,  until  they  can  write 
fair  English,  do  a  little  free-hand  and  geometrical  drawing  and  know  a 
certain  amount  of  Arithmetic  including  Evolution  and  Involution.  They 
would  probably  reach  this  stage  in  about  from  two  to  four  years'  even- 
ing work,  and  would  then  be  ready  to  commence  their  technical  train- 
ing, which  necessarily  consists  of  two  parts,  elementary  science  and  its 
technical  application. 

Under  the  former  head  I  would  include  the  following  : — 

Mathematics. — Elementary  Mensuration  of  areas  and  solids,  elemen- 
tary practical  mathematics,  and  the  meaning  of  Mathematical  formulae. 

Elementary  Chemistry. — General  chemical  properties  of  matter. 
Chemistry  of  air,  water,  and  combustion. 

Elementary  Physics. — Properties  of  the  different  states  of  matter, 
especially  of  the  gaseous  state  ;  the  various  physical  forces  ;  barometers 
and  pressure  gauges ;  rudimentary  notions  of  heat,  including  the  wet 
and  dry  bulb  thermometer. 

Elementary  Electricity. — -Properties  of  magnets ;  electric  currents  : 
principles  of  electric  units. 

Elementary  Mechanics. — The  fundamental  principles  of  statics, 
dynamics  and  hydrostatics,  with  special  attention  to  the  transmission 
of  power  in  various  ways. 

The  above  is  merely  an  indication  of  what  I  consider  the  proper  kind 
of  elementary  scientific  teaching  for  Colliery  Officials.  All  these  sub- 
jects are  to  be  so  treated  as  to  require  no  knowledge  of  Mathematics 
beyond  Arithmetic,  and  must  be  taught  throughout  with  direct  applica- 
tion to  Mining  work. 

The  second  portion,  or  the  technical  application  of  this  scientific 
knowledge,  is  best  taught  by  lectures  on  Mining,  in  which  stress  should 
be  laid  upon  the  rationale  of  everyday  work,  rather  than  upon  the  less 
usual  operations,  such  as  special  methods  of  boring,  sinking,  etc.  to 
which  a  great  deal  of  unnecessary  time  is  too  often  devoted  at  present. 
As  examples  of  suitable  subjects  I  may,  for  instance,  cite  : — 
Principles  of  blasting  and  shot  firing. 

Principles  of  ordinary  sinking,  driving,  and  supporting  ground. 
Principles  of  mechanical  rock  drills. 
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Methods  of  working  coal  including  coal -cutting  machines,  under- 
ground conveyors,  etc.  Principles  of  ventilation  and  prac- 
tical measurements  of  air  currents.  Principles  and 
construction  of  safety  lamps. 

Practical  detection  and  estimation  of  fire-damp,  black-damp  and 
after-damp. 

The  principal  difficulty  would  lie  in  finding  suitable  lecturers  for 
such  courses  ;  they  must  necessarily  be  men  with  a  thorough  know- 
ledge of  mining  gained  in  the  pit :  they  must  be  thoroughly  trained  in 
scientific  principles,  and  they  must  be  efficient  teachers ;  this  combina- 
tion of  qualifications  is  decidedly  rare,  and  care  must  be  taken  that  the 
pay  is  sufficient  to  attract  the  right  men. 

It  will  be  noticed  that  I  have  not  included  Geology  in  the  list  of 
subjects  above  given.  Although  this  branch  of  science  is  of  the  utmost 
importance  to  the  miner,  and  he  should  be  encouraged  in  every  way  to 
take  it  up  as  of  great  interest  and  also  of  use  to  him,  I  do  not  consider 
that  a  knowledge  of  Geology  would  increase  his  value  as  a  Colliery 
Official,  and  I  have  therefore  excluded  it  from  the  present  strictly  utili- 
tarian scheme. 

An  Ambulance  Course  should  be  made  obligator}-  on  all  students. 

Some  of  the  above  Courses  on  technical  subjects,  together  with 
Courses  on  steam  engines,  electric  motors,  etc.,  might  well  be  made  the 
subjects  of  Summer  Courses  at  the  Central  Mining  School,  to  which  the 
better  students  might  be  sent. 

Students  who  show  special  aptitude  should  be  encouraged  to  carrv 
their  scientific  training  with  a  view  to  their  qualifying  for  the  higher 
grade  of  Colliery  Managers.  By  special  aptitude  I  mean  not  only  a 
high  standard  in  their  class  work,  but  also  ability  in  their  practical 
underground  work,  together  with  evidence  of  their  capacity  for  con- 
trolling men,  etc..  so  that  I  would  suggest  that  none  should  be  allowed  to 
go  forward  unless  nominated  by  the  Colliery  Manager  under  whom 
they  work.  Students  thus  nominated  should  be  eligible  to  compete 
for  scholarships,  which  should  be  of  sufficient  value  to  enable  them  to 
take  the  two  years'  course  for  Colliery  Managers. 

The  examination  for  these  scholarships  should  exclude  practical 
mining  subjects,  and  should  be  restiicted  to  scientific  subjects  such  as 
Mathematics,  Practical  Mathematics,  Chemistry,  and  Physics,  perhaps 
with  Geology  as  an  optional  subject      Although  it  may  sound  paradoxi- 
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cal,  it  is  strictly  true  that  training  in  the  purely  mining  subjects  forms 
by  far  the  least  important  portion  of  the  scientific  training  of  any 
miner. 

There  is  no  doubt  that  there  is  an  ample  population  to  draw  upon, 
and  that  there  are  a  sufficient  number  of  evening  schools  and  classes 
throughout  South  Wales  for  the  purposes  of  the  scheme  above  outlined. 
Generally  speaking,  the  fault  to  be  found  with  the  present  method  of 
teaching  is  that  too  much  stress  is  laid  upon  purely  mining  subjects. 
and  too  little  upon  the  science  subjects  upon  which  these  subjects  are 
based.  Under  the  County  Council  of  Glamorganshire  there  are  73 
schools,  in  which  evening  classes  applicable  to  the  above  scheme  are 
held,  whilst  the  total  number  of  students  enrolled  as  taking  mining  and 
allied  subjects  for  the  j-ears  1909-19  is  given  as  5,493,  whilst  under  the 
County  Council  of  Monmouthshire  there  are  24  similar  schools,  and  the 
number  of  students  attending  science  classes  is  given  as  1,080. 

It  is  thus  obvious  that,  with  a  very  little  assistance  from  a  properly 

organized  Central   Mining  School,  the  needs  of  the  colliery  official  can 

readily  be  supplied  from  existing  sources;   and  nothing  more  need  be 

said  upon  this  head. 

(2)  Colliery   Managers'  Course. 

This  should  be  a  two-years'  course,  taken  wholly  at  the  Central 
Mining  School,  and  leading  to  a  Diploma  which  would  no  doubt  receive 
the  approval  of  the  Home  Secretary  for  the  purposes  of  the  Coal  Mines 
Regulation  Act  of  1903,  thus  exempting  holders  of  it  from  two  of  the 
five  years  of  underground  work  required  for  the  first-class  colliery 
managers'  certificate.  It  should  be  a  course  suitable  for  colliery  and 
underground  managers  of  all  kinds,  and  which  should  not  be  altogether 
ill-adapted  to  the  needs  of  the  colliery  engineer  whose  means  do  not 
enable  him  to  take  the  proper  three-years'  course.  I  would  advise 
some  such  course  as  the  following  : — 

First  year — 

Mathematics,  including  Plane  Geometry :  Algebra  up  to  the  Bino- 
mial Theorem,  together  with  the  use  of  Logarithms  ;  Trigonometry  in- 
cluding the  solution  of  triangles ;  and  elementary  practical  Geometry. 

Physics,  experimental  Mechanics,  including  Hydrostatics  aud  Pneu 
matics ;  heat,    including    thermometry    and   calorimetry.    specific    and 
latent  heat,  fusion  and  vaporisation,  radiant  heat. 

Magnetism  and  electricity,  including  the  properties  of   magnets, 
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magnetic  fields,  electric  currents,    their   effects  and  their  generation ; 
simple  electrical  measurements,  electro-magnetism,  electric  induction. 
Both  lectures  and  laboratory  work  are  essential. 

VS. — Students  who  wish  to  specialize  in  surveying  should  also  take  elementary 
Optics. 

Chemistry,  including  chemical  combination  and  decomposition, 
elements  of  chemical  theory,  preparation  and  properties  of  the  com- 
moner elements  and  their  compounds,  laying  special  stress  upon  Oxygen, 
Hydrogen,  and  Carbon. 

Both  lectures  and  laboratory  work  are  essential. 

Geology,  including  the  mineral  constituents  of  rocks,  Physical  Geo- 
logy. Stratigraphical  Geology  with  special  reference  to  Great  Britain. 

Both  lectures  and  practical  field  work  are  essential. 

Second  year  — 

Engineering,  including  Statics,  Dynamics,  Kinematics.  The  steam 
engine  and  indicator  diagrams,  strength  of  materials. 

Both  lectures  and  laboratory  work  are  essential. 

Practical  Geometry  and  Mechanical  Drawing. 

Elementary  Electrical  Engineering  with  laboratory  work. 

Principles  of  Mining,  including  mode  of  occurrence  and  distribution 
of  coal,  general  mining,  coal-washing. 

Surveying,  including  field  work  above  and  underground. 

(3)  Mining  Engineers'  Course. 
This  course  must  be  a  three-years'  course  equivalent  to  the  Degree 
course  in  Mining  of  any  British  University.  Accordingly  no  student 
should  be  admitted  to  such  a  course  until  he  has  passed  an  examination 
equivalent  to  a  University  Matriculation  Examination.  The  course 
should  be  about  as  follows — the  standard  in  each  subject  to  be  as  above 
defined,  namely  that  of  the  average  University  Pass  Degree : — 

First  year — 

Mathematics.  Practical  Mathematics,  Solid  Geometrical  Drawing, 
Phy-sics,  Chemistry. 

Second  year — 

Geology,  Economic  Mineralogy.  Engineering.  Machine  Drawing, 
Examination  and  Analysis  of  Fuels 
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Third  year — 

Mode  of  occurrence  and  distribution  of  coal,  Special  Geology  of 
Coalfields,  Principles  of  Mining.  Coal-washing,  Surveying,  Engineering, 
Electrical  Engineering. 

The  above  is  closely  modelled  upon  the  Degree  Course  in  mining  of 
the  University  in  Durham  :  many  Professors  of  Mining  prefer  a  different 
distribution  of  the  subjects  throughout  the  three  years,  although  all  are 
practically  in  agreement  as  to  the  list  of  subjects  to  be  studied.  I  shall 
therefore  look  upon  the  above  provisionally  as  the  course  to  be  pursued 
at  the  Central  Mining  School,  although  I  fully  admit  that  it  might  be 
varied  in  different  ways  without  seriously  impairing  its  efficiency. 

The  above  may  be  taken  as  representing  the  work  that  will  have 
to  be  done  at  any  Central  Mining  School,  at  which  provision  must  be 
made  for  the  two-years'  course  and  the  three-years'  course,  respec- 
tively. It  will  be  seen  that  Mining  and  purely  Mining  subjects  occupy 
a  relatively  small  portion  of  each  course,  the  remainder  consisting  of 
subjects  such  as  are  taught  at  a  University  College.  There  are  there- 
fore only  two  alternatives  for  the  foundation  of  a  Mining  School  in 
South  Wales  :— 

Either  a  complete  Technical  College  must  be  provided  in  which  all 
the  above  science  subjects  can  be  taught,  or  else  advantage  must  be 
taken  of  the  existing  University  College  of  South  Wales  at  Cardiff,  and 
the  proposed  Mining  School  must  work  in  conjunction  with  it.  The 
former  scheme  would  involve  an  expenditure  of  the  order  of  £200,000, 
and  would  duplicate  a  considerable  portion  of  the  existing  College ;  it 
may  therefore  at  once  be  dismissed  as  impracticable.  It  remains  there- 
fore to  devise  some  scheme  for  co-ordinating  a  Mining  School  with  the 
University  College,  which  should  retain  in  the  hands  of  the  Colliery 
Companies,  who  found  the  Mining  School,  complete  control  of  such  a 
school,  whilst  leaving  to  the  College  Council  the  fullest  control  over  its 
portion  of  the  curriculum.  There  are  probably  several  ways  in  which 
this  can  be  done ;  but  perhaps  the  most  satisfactory  would  be  the  erec- 
tion of  a  separate  building,  which  should  form  the  Mining  School,  and 
which  might  at  the  same  time  be  recognised  as  the  Mining  Department 
of  the  College. 

I  assume  that  it  would  not  be  impossible  to  obtain  from  the  Cor- 
poration of  Cardiff  a  grant  of  some  of  the  vacant  land  in  the  immediate 
vicinity  of  the  College,  upon  which  the  Mining  School  might  be  erected  ; 
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and  that  at  the  same  time  one  or  more  of  the  Colliery  Companies  inter- 
ested would  give  facilities  for  practising  surveying,  etc.,  in  their  pits,  and 
for  the  erection  of  an  experimental  gallery  for  studying  explosions,  if 
desired.  Work  of  this  kind  could  hardly  be  carried  on  within  the  pre- 
cincts of  the  city ;  at  the  same  time,  it  is  admitted  on  all  sides  that 
Cardiff  forms  the  most  suitable  point  at  which  a  Central  South  Wales 
Mining  School  could  be  located.  The  ownership  of  the  building  and  of 
its  equipment  should  be  vested  in  Trustees  appointed  by  the  Colliery 
Companies  contributing  the  funds  for  its  erection. 

The  Mining  .School  building  should  comprise  the  following  :  Three 
Lecture  rooms,  say  for  50  to  100  students,  capable  of  being  darkened, 
provided  with  powerful  lanterns,  and  with  electric  current,  gas.  water 
and  compressed  air  laid  on  to  the  lecture  tables. 

A  well-lit  Drawing  Office,  with  tables  of  ample  size  to  take  Colliery 
plans.  A  full  supply  of  surveying  instruments,  including  standard 
lengths  of  66  feet  and  100  feet  laid  down  on  a  suitable  floor.  A  model 
store,  and  a  small  workshop  for  a  model-  maker.  A  laboratory  equipped 
for  demonstrating  the  principles  of  coal  washing  together  with  a  set  of 
small  simple  machines,  such  as  crushing  rolls,  disintegrator,  trough 
washer,  Elliott  washer,  Robinson  washer,  Nut  washer,  Felspar  washer, 
shaking  tables,  etc.  A  small  plant  for  practically  testing  fuels,  includ- 
ing a  small  coke  oven,  gas  retort,  experimental  boiler  and  briquetting 
press.  A  laboratory  for  the  analysis  of  coal  and  calorimetric  and  pyro- 
metric  determinations.  A  gallery  with  two  fans  capable  of  working  in 
series  or  in  parallel,  either  exhausting  or  forcing  air,  arranged  for  fan- 
testing  and  air-measuring  experiments.  A  dark  room  for  testing  safety- 
lamps,  and  for  experiments  of  the  detection  of  gas.  Air-compressor, 
rock  drills,  and  coal  cutters.  A  large  courtyard  is  desirable,  in  which 
there  should  be  a  pit  for  testing  explosives,  and  rails  should  be  laid 
down  for  haulage  experiments.  It  would  be  an  advantage  if  a  shaft 
ran  the  full  height  of  the  building,  in  which  experiments  upon  hoisting, 
guides,  safety  clutches,  etc.,  could  be  conducted,  as  also  for  certain  sur- 
veying work.  There  should  also  be  a  small  experimental  Laboratory 
for  research  work,  especially  equipped  for  gas  analysis,  as  well  as 
general  chemical  and  physical  work.  If  a  testing  machine  is  not  avail- 
able elsewhere,  a  powerful  machine  should  be  provided  for  testing  ropes, 
capping,  etc.  A  small  reference  Library  and  the  usual  private  rooms 
for  the  staff  would  also  be  required. 
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This  Mining  -School  should  be  under  the  control  of  a  Council  con- 
sisting of  representatives  of  the  Colliery  Companies  who  contribute  to 
the  foundation  of  the  school,  and  it  would  probably  be  convenient  that 
the  number  of  representatives  should  be  proportional  to  the  sum  con- 
contiibuted.  For  the  sake  of  clearness  I  will  speak  of  this  Council 
throughout  as  tLe  Mining  Board.  The  Mining  Board  should  exercise 
general  control  over  the  work  of  the  Mining  School,  should  administer 
its  finances,  and  should  appoint  and  pay  its  Director  and  working  staff. 
The  Director  should  be  a  Mining  Engineer  of  high  standing,  scientific 
training  and  some  teaching  experience,  and  a  good  administrator  :  he 
should  be  the  head  and  chief  executive  officer  of  the  Mining  School,  as 
well  as  take  part  in  the  more  advanced  teaching  ;  his  staff  should  include 
one  demonstrator  in  surveying,  one  general  assistant,  one  or  two  assist- 
ants for  research  work,  one  clerk,  and,  say,  two  men  and  two  or  three 
boys  to  look  after  the  plant. 

The  appointment  of  Professors  in  the  University  College  of  South 
Wales  appears  to  be  governed  by  paragraph  47  of  the  Charter,  and 
paragraph  26  of  the  Statutes,  the  former  providing  that  the  Council 
should  appoint  Professors,  Lecturers  and  Demonstrators  of  the  College, 
and  the  latter  providing  that  before  electing  such  an  official,  the  Coun- 
cil shall  in  ordinary  cases  advertise  for  applications,  and  shall  1  refer 
these  to  the  Senate  for  report,  but  is  not  bound  by  such  report,  whilst 
in  special  cases  the  Council  may  appoint  to  a  Professorship,  or  to  an  in- 
dependent Lectureship  without  advertisement.  There  appears  to  be 
nothing  that  would  prevent  the  Council  of  the  College  from  appointing 
the  Director  of  the  Mining  School  to  be  its  Professor  of  Mining  and  the 
Demonstrator  in  Surveying  to  be  its  Lecturer  in  that  subject;  if  the 
Council  of  the  College  will  undertake  to  do  this,  the  Professor  and 
Lecturer  would  be  subject  to  the  College  Council  in  as  far  as  necessary 
for  the  discharge  of  their  academic  functions ;  but  in  all  other  respects 
thej'  would  be  under  the  control  of  the  Mining  Board  which  appoints, 
pays  and  removes  them.  The  Students,  both  Degree  and  Diploma, 
would  take  the  whole  of  their  first  year's  work  at  the  College,  and  also 
those  portions  of  their  second  and  third  years'  work  that  form  a  portion 
of  the  College  teaching,  and  would  go  to  the  Mining  School  for  their 
Mining  subjects.  1  see  no  difficulty  in  so  arranging  the  curriculum  and 
the  time-table  that  the  work  could  go  on  smoothly.  Fees  could  be  paid 
by  arrangement  to  either  Institution,  or,  if  preferred,  wholly  to  the  Col- 
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lege,  and  would  be  divided  between  the  College  and  the  Mining  .School 
in  proportions  to  be  agreed  upon.  The  present  Engineering  and  Elec- 
trical Engineering  Laboratories  of  the  College  are  but  poorly  equipped, 
and  would  require  far  more  and  better  appliances  than  they  at  present 
possess,  in  order  to  train  the  Mining  students  properly  :  it  might  there- 
fore be  made  a  condition  that  the  Mining  Board  should  pay  an  annual 
grant  to  the  College  towards  the  expenses  of  these  and  other  Labora- 
tories, such  grant  to  be  paid  as  long  as  the  Director  of  the  Mining 
School  remains  Professor  of  Mining  of  the  University  College,  and  sub- 
ject to  the  proviso  that  the  Laboratories  of  the  University  College  are 
sufficiently  equipped  and  maintained  for  the  needs  of  the  Mining  stu- 
dents, of  which  points  the  Mining  Board  is  to  be  the  ultimate  judge. 

Should  the  University  College  decline  to  accede  to  this  arrange- 
ment, the  Mining  School,  constituted  as  above,  should  apply  to  the  Court 
of  the  University  of  Wales  to  be  declared  a  College  affiliated  to  the  Uni- 
versity under  Statute  XXX,  paragraph  7,  as  an  Institution  giving 
instruction  in  a  branch  of  Applied  Science  for  an  Initial  Degree  in  the 
Faculty  of  Technical  or  Applied  Science.  Under  such  a  scheme  students 
would  be  compelled  to  obtain  wherever  they  might  think  fit  the  neces- 
sary knowledge  of  pure  science  as  above  laid  down,  their  knowledge  of 
the  same  to  be  tested  by  an  entrance  examination,  for  which  purposes 
the  Intermediate  Examinations  of  the  University  of  Wales  would  pro- 
bably be  satisfactory  It  would  be  a  matter  for  consideration  whether 
the  Mining  .School  should  then  include  departments  of  Mechanical  and 
Electrical  Engineering,  or  whether  students  should  also  be  required  to 
obtain  such  information  elsewhere.  The  final  courses  in  Geology,  Min- 
ing, and  Mine  Surveying  would  then  in  any  case  be  taken  at  the  Mining 
School.  Such  a  scheme  as  this  would  appear  to  be  perfectly  feasible, 
although  decidedly  inferior  to  the  one  first  suggested.  I  would  only 
recommend  its  adoption  in  case  the  University  College  of  South  Wales 
does  not  see  fit  to  agree  to  the  scheme  first  proposed.  It  would  involve 
a  certain  amount  of  additional  expense,  inasmuch  as  provision  would 
have  to  be  made  for  the  teaching  of  Geology.  If  Departments  of 
Engineering  and  Electrical  Engineering  are  to  be  added,  a  very  consider- 
able additional  expenditure,  both  in  first  cost  and  in  annual  expenditure, 
would  have  to  be  contemplated. 

As  regards  the  cost  of  carrying  out  the  former  scheme  here  advoca- 
ted, namely,  that  of  a  Mining  School  working  in  conjunction  with  the 
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Universit}7  College,  it  is  not  possible  to  give  more  than  a  rough  idea  ;  it 
would  comprise  the  capital  outlay  required  to  build  and  equip  the 
school,  and  the  annual  amount  needed  to  carry  it  on.  I  take  it  that 
only  the  former  amount  would  need  to  be  provided  in  the  first  instance, 
and  that  an  undertaking  by  the  Colliery  Companies  concerned  to  pro- 
vide certain  amounts  annually  would  be  amply  sufficient.  Here  I  may 
remark  that  taking  the  annual  output  of  the  South  Wales  Coalfield  at 
50  million  tons,  and  assuming  that  only  one-half  of  the  producers  in 
this  Coalfield  contribute  to  the  maintenance  of  the  Mining  School,  it 
would  need  only  one-tenth  of  a  penny  per  ton  of  coal  to  produce  an 
annual  revenue  of  £10,000,  which,  it  will  be  seen,  is  far  more  than  suffi- 
cient for  the  annual  cost  of  carrying  on  the  school,  whilst  such  a  tax 
would  not  add  perceptibly  to  the  cost  of  coal  production. 

The  first  cost  of  the  School  would  depend  entirely  on  the  style  and 
completeness  with  which  the  scheme  is  carried  out,  and  might  range 
from  £15,000  to  £50,000,  or,  say,  as  a  fair  average  figure,  £30,000,  exclu- 
sive of  the  value  of  the  site  upon  which  it  is  built. 

The  annual  cost  might  be  estimated  as  follows  : — 


Director 

Demonstrator 

Assistants 

Secretary 

Workmen 

Gas,  Electricity,  Water,  Stores,  Supplies,  etc..  say 

Rates,  Taxes,  Up-keep,  Miscellaneous  expenses,  say 

Annual  cost 


i 
800 

300 
450 
150 
-'50 
700 
350 


000 


To  this  amount  must  be  added  the  contribution  to  University 
College  which  might  range  from  £200  to  £500  per  annum,  as  well  as  the 
cost  of  scholarships.  On  the  other  hand,  fees  from  students  should 
bring  in  something,  and  in  all  probability  the  County  Councils  of  Gla- 
morganshire and  Monmouthshire  could  be  induced  to  contribute.  Even 
if  the  whole  burden  had  to  be  borne  by  the  coal  trade  of  South  Wales 
the  amount  is  insignificant,  compared  with  the  value  of  the  annual  out- 
put of  coal  from  this  field ;  and  there  is  no  doubt  that  the  saving  effected 
by  having  scientifically  trained  officials  throughout  the  collieries,  would 
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in  a  few  years  amount  to  sums  very   far  in  excess  of  the  relatively 
trifling  outlay  here  contemplated. 

I  have  hitherto  confined  myself  strictly  to  the  terms  of  my  refer- 
ence, and  have  been  dealing  with  the  Central  Mining  School  as  a 
teaching  institution  alone.  I  cannot  however  forbear  to  point  out  that 
a  central  institution  such  as  this  would  be  of  enormous  advantage  to 
the  Coalfield  in  carrying  out  technical  researches  of  all  kinds.  Thus  its 
laboratories  would  become  the  final  arbitrators  in  all  cases  where  the 
quality  of  any  shipment  of  coal  was  in  doubt.  It  would  be  capable  of 
conducting  experiments  upon  the  cleaning  and  washing  of  coal,  upon 
the  most  suit  able  means  of  coking,  and  utilising  bye-products,  upon  the 
utilisation  of  small  coal,  the  briquetting  of  coal,  etc.  It  could  carry  out 
researches  upon  the  strength  of  the  various  materials  employed  in  col- 
liery work,  and  especially  would  test  ropes,  chains,  couplings,  cappells. 
etc.  It  would  provide  a  trained  staff  for  the  testing  of  fans,  engines 
and  motors.  It  would  test  safety  lamps,  gas  detectors,  explosives,  etc. 
It  would  form  a  central  institution  for  co-ordinating  and  controlling  the 
scientific  work  of  rescue  stations  throughout  the  coalfield.  In  short,  it 
would  supply  means  by  which  all  questions  affecting  the  technique  of 
coal-mining  could  be  scientifically  studied  and  investigated  for  the  bene- 
fit of  the  coalfield  ;  and  I  venture  to  think  that  this  object  alone  would 
be  well  worth  the  cost  required  to  attain  it,  even  looking  at  the  subject 
merely  from  the  strictly  commercial  standpoint. 

There  is  yet  another  matter  worthy  of  consideration.  Situated  as 
the  South  Wales  Coalfield  is,  within  easy  reach  of  the  metalliferous 
mines  of  Cornwall,  Somersetshire,  North  Wales,  etc.,  it  might  prove 
ver}'  well  worth  while  to  so  far  expand  the  original  idea  as  to  make  the 
Mining  School  of  South  Wales  a  school  for  training  not  only  coal 
miners  but  metal  miners  also.  This  expansion  of  the  original  scheme 
would  in  no  way  change  the  relation  of  the  Mining  School  to  the  Uni- 
versity College,  but  would  merely  mean  that  provision  would  have  to  be 
made  in  the  Mining  School  for  the  teaching  of  Metalliferous  Mining,  Ore- 
Dressing,  and  Assaying.  I  estimate  roughly  that  this  could  be  done  by 
an  additional  capital  outlay  of  from  £10,000  to  £'20,000,  whilst  the 
annual  expenses  would  be  increased  by  something  between  £500  and 
£1,000. 

The  ideal  scheme  would  no  doubt  be  to  go  yet  one  step  further,  and 
to  found  at  Cardiff  a  complete  School  of  Mining  and  Metallurgy.     In 
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order  that  such  a  proposal  could  be  carried  into  effect  the  co-operation 
would  be  necessar}'  of  the  great  iron  and  steel- making  firms,  of  the 
copper  smelters,  and  others  engaged  in  general  metallurgical  work  ;  and 
there  is  no  reason  why  such  a  scheme  should  not  appeal  to  the  whole  of 
the  Principality,  and  not  merely  to  South  Wales.  The  needs  for  such  a 
School  are  in  my  opinion  indisputable,  and  I  cannot  but  think  that 
this  scheme,  ambitious  though  it  may  sound,  would  eventually  prove 
a  brilliant  success.  If  a  movement  for  carrying  into  effect  this  latter 
suggestion  could  be  successfully  initiated,  I  should  be  pleased  to  sub- 
mit my  views  on  the  subject  in  detail;  meanwhile  I  can  only  indicate 
that  with  a  capital  outlay  of  £50,000  to  £100  000,  and  an  assured 
annual  income  of  £5,000  to  £10,000,  there  would  be  no  difficulty  in 
carrying  such  a  proposal  into  effect.  I  take  the  liberty  of  submitting 
this  suggestion,  lying  as  it  does  quite  outside  the  terms  of  the  subject 
on  which  I  was  asked  to  report,  to  the  earnest  consideration  of  all  those 
who  have  the  technical  and  educational  welfare  of  South  Wales  at 
heart. 

Henry  Louis,  m.a.,  d.sc,  a.r.s.m.,  M.mst.  c.e.,  f.i.c,  f.g.s.,  etc., 
Professor  of  Mining  and  William  Cochrane  Lecturer  on 
Metallurgy,  Armstrong  College. 

NewcastlE-on-Tyne, 
May  12th,  1910. 


Note    by    Principal    Knox    on    Professor    Louis'    Scheme  for  proposed   Min- 
ing School  in  the  South  Wales  and  Monmouthshire  Coalfield. 

[n  Professor  Louis'  Scheme,  he  divides  the  work  into  three  grades, 
to  suit  the  "  three  totally  different  classes  of  men  to  be  catered  for," 
namely, — 

(1)  the  Colliery  Official. 

(2)  the  Colliery  Manager  or  Under  Manager, 

(3)  the  General  Manager  or  Mining  Engineer, 

leaving  out  the  Mine  Surveyor  and  the  Colliery  Mechanical  Engineer 
whom  he  considers  as  "special  cases."  He  does  not  ever  refer  to  the 
Mine  Chemist  or  the  Electrical  Engineer,  both  of  whom  are  very  neces- 
sary officials  in  very  large  modern  colliery  undertakings. 

In  any  scheme  of  technical  education  applied  to  an  industry,  and 
especially  one  like  mining  having  so  many  branches,   one  of  the  most 
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essential  features  is  to  establish  a  continuity  in  the  scheme  from  the 
lowest  to  the  highest  grade  of  officials,  whereby  any  intelligent  student 
may  be  able  to  pass  from  one  grade  to  the  other  without  difficulty  and 
with  the  least  possible  amount  of  overlapping  in  the  work. 

From  an  examination  of  the  accompanying  summary  of  the  three 
courses  recommended  by  Professor  Louis  it  is  evident  that  there  is  little 
or  no  correlation  between  the  subjects  in  the  various  courses. 

The  two  (or  four)  years'  continuation  course  with,  say,  two  further 
years  to  the  preliminary  technical  course  advocated  for  the  colliery 
officials'  course,  would  not  be  the  best  type  of  training  for  those  who 
were  willing  to  continue  their  studies  in  the  proposed  Colliery  Managers' 
course  of  ''Diploma"  standard.1  The  standard  of  qualification  for 
entry  into  this  course  ought  not  to  be  less  than  that  of  the  Junior 
Oxford  or  Cambridge  Local  Examination. 

As  the  colliery  officials'  course  was  intended  to  be  taken  outside  the 
proposed  Central  Mining  School,  it  is  hardly  necessary  to  refer  to  it 
further  except  to  point  out  that  if  the  colliery  officials  for  whom  this 
course  was  intended  were  "firemen"  and  "shot-fires,"  the  course 
covers  too  wide  a  range,  and  requires  a  type  of  teacher  and  standard  of 
equipment  which  would  be  difficult  to  find  in  "  local "  classes. 

There  is  one  point  in  paragraph  VIII,  page  2,  which  it  is  difficult 
to  follow,  where  Professor  Louis  states  that  although  a  knowledge  of 
Geology  is  of  "the  utmost  importance  to  the  miner,"  yet  a  knowledge 
of  this  subject  would  not  increase  the  value  of  the  colliery  official. 
This  seems  somewhat  illogical,  as  any  subject  that  is  of  importance  to 
the  miner  ought  not  to  be  less  important  to  the  colliery  official,  even  of 
the  lowest  grade. 

The  conditions  laid  down  by  Professor  Louis  in  paragraph  II,  page  3, 
respecting  the  students  in  the  colliery  officials'  course  who  should  be 
encouraged  to  carry  on  their  scientific  training  with  a  view  to  qualify- 
ing for  the  colliery  managers'  course,  viz  : — 

(a)  special  aptitude  in  class  work, 

(6)  ability  in  practical  underground  work, 

(c)  capacity  for  controlling  men,  etc., 


I  Since  Professor  Louis'  report  was  written  all  University  and  Mining  Colleges 
recognised  by  the  Home  Office  for  Diploma  courses  have  adopted  a  three-years' 
course. 
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would  render  it  impossible  for  any  colliery  official  to  enter  the  higher 
course  until  he  had  served  as  an  official,  and  proved  his  capacity  to 
control  men,  etc.  The  age  of  the  student  (official),  when  this  period 
was  arrived  at,  would  hardly  be  such  as  would  permit  of  his  giving  up 
his  employment  to  take  a  two  or  three  years'  full-time  course. 

The  most  objectionable  restriction  contained  in  the  paragraph 
referred  to  is  the  suggestion  that  "  none  should  be  allowed  to  go  for- 
ward "  (from  the  colliery  officials'  to  the  colliery  managers'  course) 
"unless  nominated  by  the  Colliery  Manager  under  whom  they  work." 

The  suggested  prohibitive  regulations,  I  am  pleased  to  say,  were 
never  for  one  moment  countenanced  by  those  responsible  for  founding 
the  South  Wales  and  Monmouthshire  School  of  Mines. 

It  is  evident,  from  the  nature  of  the  courses  outlined  for  colliery 
managers  and  mining  engineers  respectively,  that  it  was  not  the  inten- 
tion of  Professor  L,ouis  that  students  should  graduate  from  the  former 
to  the  latter  as  they  are  in  no  way  correlated  to  each  other.  This  not 
only  destroys  the  continuity — which  ought  to  be  the  basis  of  a  pro- 
gressive scheme  of  study — but  would  entail  considerable  expendi- 
ture in  staffing,  etc.,  owing  to  the  duplication  and  overlapping  of  the 
work. 

The  Joint  Mining  Diploma  Scheme  adopted  (in  co-operation  with 
the  University  College,  Cardiff)  by  the  Mining  Board  is  in  my  opinion 
more  suitable  for  the  training  of  colliery  managers  who  are  likely  by 
special  aptitude  and  scientific  ability  to  graduate  into  the  higher  grade 
of  official  (mining  engineer),  and  the  Board  have  made  provision  for 
the  continuation  of  the  work  of  such  students  by  granting  five  post- 
diploma  scholarships,  value  £50  per  annum,  for  specialised  instruction 
at  either  the  University  College,  Cardiff,  or  the  School  of  Mines. 

In  deciding  upon  a  suitable  scheme  for  Treforest  School  of  Mines, 
we  had  a  definite  object  in  view,  viz.  the  training  of  colliery  officials 
for  the  collieries  in  the  South  Wales  and  Monmouthshire  coalfield. 
Unlike  other  University  and  Mining  Colleges  we  had  not  to  consider  the 
advisability  of  training  'Geological-Mining  Prospectors,"  "Metalli- 
ferous Mining  Engineers,"  "  Petroleum  Engineers,"  etc.  This  accounts 
to  a  large  extent  for  the  difference  in  the  scheme  and  curriculum  of  the 
Treforest  School  compared  with  that  of  Birmingham  University,  or 
Armstrong  College,  Newcastle. 

In  both  the  colliery  managers'  and  mining  engineers'  courses  out- 
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lined  by  Professor  Louis,  the  time  allotted  to  mining  proper  is  very 
inadequate,  being  confined  in  each  case  to  the  last  year  of  the  course. 

In  the  Treforest  Scheme  two  hours  per  week  is  allotted  to  colliery 
practice  in  the  first  year  of  the  course.  In  the  second  year  two  hours 
to  colliery  practice  and  two  hours  to  colliery  engineering ;  and  in  the 
third  year  two  hours  to  colliery  practice,  four  hours  to  colliery  engineer- 
ing, and  six  hours  to  mining  laboratory,  making  a  total  of — 

2  hours  per  week  in  first  year. 
4         ,,  ,,         second  year. 

12  ,,  ,,  third  year. 

It  is  hardly  necessary  for  me  to  compare  the  equipment  of  the 
school  with  that  suggested  by  Professor  Louis  (paragraph  III,  page  6) 
beyond  stating  that  we  do  not  consider  it  necessary  to  put  down  crush- 
ing, washing,  coking  and  briquetting  plant  for  experimental  purpose, 
as  the  students  can  be  taken  to  see  these  in  actual  operation  within  a 
very  short  distance  of  the  school. 

There  is  one  suggestion  in  the  paragraph  referred  to  respecting  the 
small  workshop  for  making  models  (and  patterns  for  castings)  which  we 
have  had  in  rnind  since  the  beginning,  and  are  now  making  arrange- 
ments to  complete.  This  department  will  also  be  used  by  engineering 
students  for  pattern-making,  and  by  colliery  joiners,  wheelwrights,  etc.. 
for  carpentry  work. 

The  motor  and  lathes  have  already  been  installed  in  the  coach- 
house attached  to  Forest  House,  and  we  hope  to  have  the  benches  put 
in,  and  the  scheme  in  operation  shortly. 

The  Mining  Board  have  spent  /i8o  on  the  nucleus  of  a  reference 
library  for  use  of  staff  and  students,  which  will  be  added  to  from  year 
to  year. 
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— 

Colliery  Officials' 
Course. 

Colliery  Managers' 
Course. 

Mining  Engineers'  Course. 

First  Year. 

English 

Mathematics 

Mathematics. 

Freehand     Draw- 

Physics.                  ;  Practical  Mathematics. 

ing. 

Magnetism       and    Solid  Geometry. 

Electricity.               Geometrical  Drawing. 
Chemistry.                  Physics. 
Geology.                     Chemistry. 

Second  Year. 

Geometrical  Draw- 

Engineering 

Geology 

ing. 

Practical   Geome- 

Economic Mineralogy. 

Arithmetic. 

try  and  Drawing 

Engineering. 

Electrical   Engin- 

Machine Drawing. 

eering. 

Analysis  of  Fuels. 

Principles  of  Min- 

ing. 
Surveying. 

Third  Year. 

Mathematics 

Mode  of  Occurrence,  etc. 

Physics. 

of  Coal. 

Electricity. 

Special     Geology    of    the 

Coalfields. 
Principles  of  Mining 
Coal-washing. 
Surveying. 
Mechanical  and  Electrical 

Engineering. 

Fourth  Year. 


Mechanics. 
Principles  of  Min- 
ing. 
Ambulance. 


APPENDIX   VII. 


COUNTY   OF   NORTHUMBERLAND   EVENING   CLASSES. 

General. 

The  evening  mining  classes  under  the  Education  Committee  of  the 
County  of  Northumberland  are,  along  with  other  technical  classes, 
evolved  from  the  older  system  of  evening  lectures  which  were  attended 
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by  students,  who  wished  to  sit  for  the  various  Science  and  Art  Exami- 
nations, South  Kensington.  Under  this  system  the  lecturer,  who  was 
often  a  working  miner,  was  paid  by  results.  In  1892  a  new  regime  was 
inaugurated,  and  the  classes  taken  over  by  the  County.  In  the  mining 
section  it  was  seen  apparent  that  a  large  number  of  those  who  attended 
the  classes  had  su;h  scanty  preliminary  knowledge  as  to  preclude  them 
from  benefiting  from  them.  On  this  account  a  preparatory  course  of 
two  years  was  provided,  which  has  proved  successful.  Mr.  C.  Williams, 
Secretary  to  the  Education  Committee,  states  that  there  has  been  little 
difficulty  with  regard  to  older  men  sitting  in  the  same  preparatory  class 
as  young  lads,  such  as  has  been  found  in  other  districts.  The  tendency 
of  the  classes  is  undoubtedly  in  the  direction  of  younger  pupils.  Mr. 
Williams,  referring  to  the  raising  of  the  standard  of  the  first-class  coal- 
mine manager's  certificate  examinations,  is  of  opinion  that  attendance 
at  evening  classes  will  not  enable  the  average  student  to  gain  this  certi- 
ficate, but  that  it  will  be  necessary  for  him  to  proceed  to  a  college 
course.  The  County  gives  grants  in  aid  of  students  who  wish  to  go 
through  a  college  course.  The  number  and  amount  of  such  grant  is  not 
fixed,  but  varies  with  the  number  and  class  of  students  applying  for 
them. 

Preparatory  Course. 

The  Preparatory  Course  covers  a  period  of  two  years,  as  follows  : — 

First  year — 

Technical  Arithmetic  and  Mathematics. .  . .  2  hours. 

English               . .                   .  .                   .  .  . .  1  hour. 

Drawing              .  .                   .  .                   .  .  . .  I     ., 

Second  year — 

Technical  Arithmetic  and  Mathematics . .  . .  2  hours. 

Elementary  Science  . .  . .  . .  1  hour. 

Drawing  . .  . .  . .  .  .  1     ,, 

Syllabus  of  First  Year. 
Technical  Arithmetic  and  Mathematics. — Fractions  and  decimals. 
Approximate  methods.  Understanding  simple  formulae.  Simple  equa- 
tions of  one  unknown.  Practical  Geometry.  Simple  properties  of 
triangles  and  circles.  Measurements  and  calculations  of  lines,  areas, 
volumes,  densitv. 
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English. — This  consists  briefly  of  class  study  of  some  standard 
work,  home  reading  and  written  criticisms  thereon.  Essays  on  current 
topics.     Correspondence.     Critical  debating  in  class. 

Drawing. — This  consists  of  hand-sketching  and  dimensioning. 
Exercises  in  Pline  Geometry  and  simple  projections  and  developments 
of  solids.     Scale  drawing.     Uses  of  the  various  instruments. 

Syllabus  of  Second  Year. 

Technical  Arithmetic  and  Mathematics.—  This  is  an  extended  form 
of  the  first  year's  work,  and  includes  practical  measurements  of  volume, 
area,  weight,  and  density.  More  advanced  Algebraic  manipulation. 
Graphic  solution  of  equations  (two  unknowns).  Easy  forms  of  quadra- 
tics. Simpson's  rule.  Solids  of  various  simple  types.  Slide  rule.  Eng- 
lish and  French  Metrical  Systems. 

Drawing.— The  same  as  in  first  year,  but  more  difficult  examples. 

Isometric  projection.     Construction  of  scales.     Metric  System.     Ellipse 

and  Parabola. 

Elementary  Science. 

Measurements  of  lines.  Vernier  measurement.  Callipers.  Volume 
by  displacement.  Balances.  Density.  Specific  gravity  bottle.  Fluid 
pressure.  Hydrometer.  Syphon.  Barometer.  Ideas  of  force.  Equi- 
librium of  three  forces.  Centre  of  Gravity.  Friction.  Thermometers. 
Expansion  due  to  heat.  Properties  of  solids,  liquids,  and  gases.  Spe- 
cific heat. 

BRIEF   SVLLABUS   OF  LECTURES    AT   THE   MINING 

CENTRES. 

Subjects  rA-Mining  Science. 

\  B—       ,,       Practice. 

A.  — Mining  Science. 
Chemical   and  physical  changes  of  matter.     Practical  examples  of 
use  of  oxygen,    water,    atmosphere,   nitrogen,    carbon   dioxide,   carbon 
monoxide,   rescue  appliances,  ventilation,  fire-damp,  safety  lamo,  baro- 
meter and  thermometer,  hygrometer. 

B. —  Mining  Practice. 
Methods  of  working,  shafts,  haulage  roads,  coal-getting,  machines, 
gob  fires  and  method  of  dealing  with  them.     Timbering,  haulage,  signal- 
ling. 
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Coal  dust,  its  dangers  and  treatment.  Ventilation,  standards 
imposed  by  Mines  Act.  Principles  of  ventilation,  water  gauge.  Split- 
ting the  air-door,  regulators,  etc.     Measurement  of  currents. 

Shotfiring,  explosives,  electric  firing,  mis-fires.  Regulations  regard- 
ing blasting. 

The  fees  payable  for  the  various  courses  are  2S.  6d.  per  session  for 
each  subject  taken. 


APPENDIX   VIII. 


COUNTY  OF  GLAMORGAN   EVENING   CLASSES. 

Perhaps  the  most  elaborate  and  far-reaching  system  of  evening 
classes  in  Great  Britain  is  that  of  the  Glamorgan  County  Council. 

The  largest  part  of  the  South  Wales  coalfield  lies  in  Glamorganshire, 
and  30  million  tons  of  coal  are  annually  raised  within  its  borders. 
While  its  population  is  almost  entirely  industrial,  practically  the  indus- 
try of  magnitude  is  the  coal-mining  industry.  So  with  ample  financial 
resources  at  its  disposal  the  County  authority  has  of  recent  years  built 
up  a  well-organised  system  of  evening  classes  in  mining  and  the  allied 
subjects  necessary  for  its  proper  instruction. 

The  aim  and  scope  of  these  classes  are  ambitious,  and  may  be  sum- 
marised as  follows  :  To  enable  a  boy  on  leaving  a  Board  School  to 
pursue  his  employment  in  a  mine  continuously,  and  yet  to  obtain  in  a 
course  of  evening  classes,  spread  over  a  period  of  six  years,  a  liberal 
technical  education  in  Mining  and  Engineering,  such  as  will  enable  him 
to  pass  his  Colliery  Manager's  examination,  without  the  necessity  of 
having  recourse  to  any  other  source  of  instruction.  The  demands  made 
on  the  students'  time  are  heavy,  as  it  to  2\  hours  per  night  for  four 
nights  per  week  for  five  or  six  years  are  necessary. 
The  full  course  is  as  follows  : — 

Group  .1.—  Preparatory,   and  forming  part  of  ordinary  evening 

continuation  schools. 
Group   B. — Technical,   and  open  only  to  those  students  who  can 
show    a    satisfactory    knowledge    of    the    subjects 
taught  in  Group  A. 
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Group  A. — Preparatory, 
(i)  English. 

(2)  Mathematics. 

(3)  Drawing. 

(4)  Elementary  Science  relating  to  mining. 

(1)  English. 
The  stated  object  of  this  course  is  :     "  To  improve  the  vocabulary 
of  students  and  to  give  them  the  power  of  expressing  their  ideas  and 
knowledge  with  accuracy  and  ease  in  simple  grammatical  language." 
The  syllabus  includes  : — 

Passages  from  standard  authors. 

Descriptions  of  inventions  and  operations  in  coal-mining. 
Reproduction  of  simple  stories. 

Essays  on  ordinary  experiences  in  the  daily  occupation  of  stu- 
dents. 

Simple  business  correspondence. 

(2)  Mathematics. 

Tables  of  weights  and  measures,  addition,  subtraction,  multiplica- 
tion and  division  of  decimals,  square  root. 

Ordinary  geometrical  figures  explained ;  area  of  circle. 

The  use  of  letters  to  represent  numbers,  signs,  simple  algebraical 
expressions. 

(3)  Drawing. 
Use  of  ordinary  drawing  instruments. 

Measuring  and  making  rough  dimensioned  sketches  of  simple 
objects. 

Freehand  sketches  of  tools  and  simple  shapes. 

(4)   Elementary  Science  applied  to  Mining. 

Study  of  the  most  obvious  features  of  the  local  rocks,  i.e.  sand- 
stone, shale,  fireclay,  etc. ;  meaning  of  geological  terms,  such  as  fault. 
outcrop,  etc. 

Simple  ideas  as  to  chemical  compounds  and  elements. 

Manual  and  mechanical  operations  in  mining. 

Levers,  pulleys,  wedges. 

Simple  phenomena  of  heat.  Expansion,  temperature,  conduction, 
radiation. 
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The    atmosphere    and    its   physical    characteristics.     Ventilation. 
Chemical  characters  of  the  gases  of  the  atmosphere  and  the  mine. 
Lighting  of  mines.     Safety  lamps.     Blasting. 

Group  B. — Technical  Course  in  Mining. 
First  year — 

Practical  Mathematics.  Mechanics  and  Heat. 

Mining.  Geology. 

Second  year — 

Practical  Mathematics.  Mechanical  Drawing. 

Mining.  Mine  Surveying. 

Third  year  — 

Practical  Mathematics.  Applied  Mechanics. 

Mining.  Electricity  and  Magnetism. 

Fourth  year — 

Mining.  Electric  Lighting  and  Trans- 

Heat  and  Steam  Engine.  mission  of  power. 

Mine  Surveying. 
Fifth  year — 

Special  Courses  in  Mining. 

Mechanical  and  Electrical  Engineering  for  students  who  have 
passed  their  colliery  managers'  examination  (first  class). 

The  lectures  in  each  subject  are  from  i  to  2  hours.  A  student 
would  thus  spend  4  to  8  hours  per  week,  either  in  two  nights  per  week 
or  four  nights  per  week. 

The  syllabuses  of  the  various  subjects,  take    for  instance  Mining, 

which  is  spread  over  four  years,  are  similar  to  those. at  Schools  of  Mines. 

Geology  is  a  short  course,  and  little  practical  Geology  can  be  taught  in 

the  time  allotted.     Practical  Mathematics  covers  three  years,  and  is  an 

extensive  course. 

Number  of  Centres  of  Classes. 

The  preparatory  and  elementary  classes  are  held  in  nearly  every 
village  in  the  County,  and  no  student  has  to  travel  more  than  two  or 
three  miles  to  attend  them.  The  advanced  classes,  i.e.,  classes  other  than 
preparatory  and  first  year  technical,  are  held  in  first  17  centres  in  the 
County,  and  no  student  would  have  to  travel  more  than  six  miles  to 
attend  them.     The  county  is  roughly  40  miles  long  by  30  miles  broad. 

Fees. — The  fee  per  subject  is  2  shillings,  but  a  composition  fee  of 
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four  shillings  per  course  covers  all  subjects.     The  fees  are  thus  nomi- 
nal. 

Staff. — All  subjects  and  courses  other  than  preparatory  are  taught 
by  qualified  teachers,  who  do  nothing  else  but  this  work.  The  County 
employs  16  travelling  teachers  on  an  average  s  alary  of  £200  per  year  for 
Mining  and  Engineering  instruction. 

Apparatus  and  Facilities  for  Practical  Work. 
At  the  centres  mentioned  above,  diagrams  and  models  are  to  a 
moderate  extent  kept.  The  classes  are  held  in  the  Secondary  Day 
Schools,  and  are  able  to  use  the  chemical  labora  tories  at  the  schools ;  but 
in  general  the  apparatus  is  not  elaborate,  and  the  facilities  for  laboratory 
work  can  in  no  way  compare  with  those  obtai  nable  at  a  School  of  Mines. 
Even  this  is  being  rectified,  and  at  the  larger  centres,  engineering  and 
metallurgical  laboratories  are  being  built  for  the  use  of  students  of  even- 
ing classes. 

Assistants  to  Students. 

The  County  Council  pays  the  train  fares  of  advanced  students  resid- 
ing two  miles  or  more  from  the  classes  they  wish  to  attend.  Technical 
education  in  his  calling  has  thus  been  brought  almost  to  the  door  of  a 
mining  student,  and  he  is  able  to  avail  himself  of  it  by  a  sacrifice  of  his 
leisure,  without  absenting  himself  from  the  pursuit  of  his  calling.  The 
industrial  population  has  proved  eager  to  make  use  of  the  advantages 
offered,  and  the  classes  are  well  attended.  In  a  typical  advanced  centre 
the  average  attendance  of  students  of  all  years  is  50.  There  are  17  such 
centres  in  addition  to  elementary  centres.  Whether,  in  view  of  the 
higher  standard  now  demanded  at  the  examination  for  First  Class  Col- 
liery Managers'  Certificates,  students  by  attending  the  evening  classes, 
will  be  able  to  acquire  the  necessary  knowledge,  remains  to  be  seen. 
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APPENDIX   IX. 


WARWICKSHIRE   COUNTY    MINING   SCHOOL,    NUNEATON. 

General. 

This  school  is  the  headquarters  of  the  system  of  eveuing  classes 
organised  by  the  Warwickshire  County  Council. 

The  work  of  the  school  is  organised  in  two  divisions : — 
I.     A  Preparatory  Course  (evening  classes). 
II.     A  three-years'  Course  in  Coal  Mining  (eveuing  classes). 

There  are  also  the  following  special  classes  :  — 

III.  Special  Day  Class  for  varying  shift  students. 

IV.  Special  class  for  Mining  Teachers. 
V.     Classes  in  Mine  Surveying. 

I.  The  Preparatory  Course  consists  of  two  lectures  of  z  hours  each 
per  week,  for  20  weeks  per  5rear,  the  lectures  being  delivered  at  the 
following  eight  centres  : — Ansley,  Atherstone.  Bedworth,  Binley,  Glas- 
cote,  Dost-Hill,  Nuneaton,  and  Polesworth.  Preparatory  classes  are 
also  held  at  Arley  and  Wilnecote. 

II.  The  senior  course  is  divided  into  three  years,  of  which  the  first 
year  classes  are  held  at  Glascote  and  Nuneaton,  and  the  second  and 
third  years  at  Nuneaton  onlv.  Grants  are  made  to  cover  cost  of  travel- 
ling for  students  who  attend  the  senior  course. 

III.  This  class  for  varying  shift  students,  i.e.  those  whose  hours 
of  work  at  the  mines  preclude  them  from  attending  the  ordinary  even- 
ing classes,  is  held  at  Nuneaton  on  Saturdays  from  9-30  to  11-30  a.m. 

IV.  The  Special  Classes  for  Mining  Teachers  is  held  at  Nuneaton, 
on  Saturdays  from  ()  to  7  p.m. 

V.  The  Surveying  Classes  are  held  at  Glascote  and  Nuneaton, 
occupying  one  lecture  of  two  hours  per  week  for  14  weeks.  Lower 
syllabus  work  is  done  at  both  Glascote  aud  Nuneaton,  and  higher  sylla- 
bus work  at  Nuneaton  only. 

((7)  At  certain  collieries,  prizes  are  given  to  students  who  are  re- 
ported on  favourably.  A  definite  link  thus  exists  between  these  collieries 
and  the  Mining  School.  Each  year  each  Colliery  Company  receives 
information  regarding  those  of  their  employees  who  are  endeavouring 
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to  obtain  for  themselves  such  technical  training  as  the  organisation  of 
the  County  Mining  School  permits.  The  more  ambitious  student  will 
realise  the  value  of  this,  and  will  probably  be  encouraged  to  give  attention 
to  those  matters  of  personal  character,  tact,  reliability  and  sound  com- 
mon sense  demanded  by  modern  conditions  of  mining,  without  which 
the  most  elaborate  technical  training  is  of  little  use  to  the  student  or  to 
tbe  Colliery  Company. 

Preparatory  Course. 

There  is  no  entrance  examination. 

The  course  is  divided  into  two  sections  :  — 

Section  A. — Arithmetic.  Units  and  methods  of  measurement. 
Hand  sketches  and  dimensioning.  Practical  measurement  of  areas  and 
volumes.     Plans  and  elevations  of  simple  models.     Specific  gravity. 

Section  B. — Coal  and  coal-bearing  strata.  Local  methods  of  work- 
ing. Falls  of  roof  haulage.  Shot-firing.  Signalling.  Gases  found  in 
mines.  Safety  lamps.  Ventilation  of  mines.  Barometer  and  Thermo- 
meter.    Effects  of  heat.     Coal  Mines  Act,  iqii. 

Senior  Course. 

First  Year. — This  entails  two  lectures  of  two  hours  each  per  week 
for  20  weeks,  dealing  with  simple  Mathematics  and  coal-mining  subjects. 
The  syllabus  is  as  follows  : — 

Mathematics. — Uses  of  symbols,  conventional  signs,  simple  mining 
formulae,  application  of  formulae,  areas,  volumes  and  weights,  logarithms 
and  anti-logarithms.  Use  of  squared  paper,  plotting,  sine  cosine  tan- 
gent, slide  rule. 

Coal-Mining. — Pillar  working  and  extraction  ;  long-wall  working  ; 
control  of  face;  maintenance  of  roads;  packing;  timbering  and  sup- 
ports ,  mine  gases  and  coal  dust ;  detection  of  gases ;  safety  lamps : 
spontaneous  combustion  ;  breathing  apparatus  :  explosives  ;  produc- 
tion of  air  currents  ;  fans. 

Second  Year. — This  entails  two  lectures  of  two  hours  each  per  week 
for  twenty  weeks,  dealing  with  mining  and  applied  science  subjects. 
The  syllabus  is  as  follows  : — 

Mining. — Systems  of  haulage  ;  friction:  safety  appliances :  practi- 
cal ventilation  :  water  gauge  ;  respiration  experiments  :  composition  of 
dust. 

Applied  Science. — Heat  :  radiation  :  conduction  :  convection  :  con- 
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version  of  work  into  heat  :  calorific  power  of  coal :  boilers ;  force ; 
mass:  work:  power:  horse-power;  B.H.P.  and  I.H.P. ;  laws  of  fric- 
tion; lubrication:  laws  of  motion;  potential  and  kinetic  energy; 
energy  in  fly-wheels,  etc.  ;  moments :  bending  and  shearing ;  simple 
structures. 

Drawing. — Geometry :  construction  of  scales  :  making  drawings 
from  given  data  :  mining  structures  and  fittings. 

Third  Year. — This  entails  one  lecture  of  two  hours  and  two  lectures 
of  one  hour  each  per  week  for  twenty  weeks,  dealing  with  Colliery 
Engineering  and  Laboratory,  Mining  Electricity  and  Coal  Mining.  The 
syllabus  is  as  follows  : — 

Coal  Mining. — Surface  arrangements,  shafts ;  sinking;  methods  of 
working  ;  coal-cutting  machines ;  ventilation  of  large  mines  ;  efficiency 
offans;  gob-fires;  rescue  stations  :  writing  of  reports.  Costs  and  organi- 
sation. 

Colliery  Engineering  and  Mining  Laboratory. — Construction  of 
pumps  ;  pipes  :  gearing  ;  methods  of  unwatering  workings  ;  siphon  ; 
brakes ;  safety  hooks  :  cages  ;  screening  plant ;  coal  washing ;  power 
generation  :  determination  of  gas  percentages  ;  sampling  :  estimation  of 
dust  and  moisture  in  air  ;  illuminating  power  of  safety  lamps ;  use  of 
inert  gas  :  calorimeter  tests  ;  fan  efficiency  ;  plan  ventilation. 

Mining  Electricity. — Magnetism :  magnetisation ;  primary  and 
secondary  cells  ;  conductors  and  insulators:  electro-motive  force  ;  mag- 
netic field;  electro-magnet:  Ohm's  law:  measuring  instruments;  con- 
struction of  dynamos;  starters  and  switches:  power  factor  :  induction 
motors;  methods  of  starting  :  transmission  lines :  transformers:  power 
stations  ;  electric  machines  in  mines. 

Special  One-day-a-week  Class. — .Syllabus  : — methods  of  working  coal : 
timbering  ;  haulage  and  haulage  roads  ;  signalling  ;  gases  in  mines  ;  gas 
detection ;  safety  lamps :  properties  of  coal  dust :  limitation  of  coal 
dust  explosions ;  spontaneous  combustion  :  gas  testing  ;  ventilation;  air 
measurement :  mining  Arithmetic. 

Mine   Surveying. 

Lower  Section. — During  the  summer  term  this  work  will  consist  of 
field  exercises  in  the  use  of  miners'  compass  and  chain. 

Higher  Section. — This  will  consist  of  office  work  ;  and  levelling  in 
the  field. 
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The  accommodation  at  the  Nuneaton  County  Mining  School  con- 
sists of:  — 

i.     Library.  4-     Laboratory. 

2.  Lecture  Room.  5.     Lamp-testing  Room. 

3.  Drawing  Office.  6.     Fan  Room. 

Between  the  drawing  office  and  lecture  room  is  a  folding  partition, 
which  throws  the  two  rooms  into  one,  when  necessary. 

The  apparatus  and  electrical  teaching  include  physical  and  electrical 
apparatus  for  elementary  science  work,  sectional  model,  engine  part  and 
other  models  for  drawing  instructions,  Attwood's  machine  and  other 
mechanical  examples  such  as,  worm  gears  ;  springs  ;  pulley  blocks  ;  fric- 
tion boards :  strength  of  beams,  etc.  The  laboratory  is  fitted  to  illus- 
trate the  properties  of  mine  gases,  air  analysis,  and  coal  analysis. 
The  lamp-testing  room  is  fitted  with  an  Oldham's  chamber,  and  the  fan 
room  contains  a  Sirocco  fan,  12J"  diameter,  with  airways  constructed  of 
wood  to  illustrate  the  laws  of  air  friction.  A  dynamometer  pulley  is 
attached  to  the  driving  motor. 


Preparatory 

Course. 

Session  ic 

I3-M- 

Centre. 

Under  10  years. 
Mining.      Arith. 

16—21 
Mining. 

years. 
'  Arith. 

Over  21 
Mining. 

years. 
Arith 

Ansley 

17 

!7 

4 

4 

2 

2 

Arley 

13 

6 

4 

Baddesley 

5 

4 

10 

10 

7 

6 

Bedworth 

11 

11 

13 

H 

5 

6 

Bermuda  Road 

10 

6 

13 

8 

2 

Glascote 

5 

3 

14 

12 

2 

7 

Kingsbury 

10 

11 

4 

4 

4 

3 

Nuneaton 

8 

7 

19 

20 

15 

30 

Polesworth 

18 

14 

11 

8 

sYVilnecote 

1 

1 

10 

10 

67 

73 

105 

102 

48 

66 

Total  e 

irolnient — 

Mining 
Arithmetic 

220 

..      241 

*  Classes  discontinued  end  of  January. 
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Enrolments — Under  16  years 

•  •      30% 

1 6 — 21  years 

■•     45% 

Over  21  years 

••     25% 

Total  Enrolments  for 

1913— 14 

1Q12 — 13 

Preparatory  Course 

224 

260 

Senior  Course 

115 

84 

Non-Course  Students 

114 

119 

Centre  of  Instruction 
Year  of  Course 


Senior  Course   Summary. 

Glascote.    Nuneaton.    Nuneaton.    Nuneaton 
1st  Year.      istYear      2nd  Year.       3rd  Year. 


Enrolments  :   Full 

Course  Students 

40 

Enrolments  :   Non- 

Course     Students 

5 

Total 

45 

39 


14 


Nuneaton. 

Morning 

Class. 


12  1  3                   18 

51  1;  25                  18 

Instruc'ion  given  in  Class   ioo  hours.      100  hours.  100  hours.  100  hours  50  hour^ 
Average  Attendance  per 

Class  Meeting             ..26                23  114  14                    7 
Average  Instruction  per 

Student    . .                 . .   605  hours.    59  hours.  8455  hours.  666  hours  18  hours. 


WARWICKSHIRE    COUNTY   COUNCIL. 

Education  Committee. 

County  Mining  School. 

Homework  Register. 

Session. 
Name  of  Class  : 

Subject : 

1.  Teachers  of  all  Mining  Classes  are  required  to  keep  this  Regis- 
ter and  forward  it,  made  up,  to  the  Count}-  Mining  Lecturer.  County 
Mining  School,  Nuneaton,  at  the  close  of  the  Session.  The  envelope 
should  be  endorsed  "  Homework  Register." 

2.  In  preparatory  Mining  Classes  3  questions  should  as  a  rule  be 
set  each  week  at  each  class.  More  than  3  are  not  desirable  unless  some 
of  them  require  only  very  short  answers. 

3.  The  minimum  number  of  marks  to  be  assigned  each  week 
should  for  convenience  be  10. 
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I  certify  that  this  Register  has  been  kept  throughout  the  Session 
in  accordance  with  the  instructions  given. 


Date. 


Name  of  Teacher 


Maximum  marks  to  be  10, 

Insert  date  of  class  at  which  work  was  set  at  the  head  of  each  column. 


Student's 
Name. 


i 

2 

3 
4 
5 
6 

7 
8 

9 

io 
1 1 

12 

13 
14 
15 
16 

>7 
IS 

19 

20 
21 

22 
23 

24 

25 
26 

27 
28 

29 

3° 


Total. 


Per  cent 
Total. 


The  following  are  provided  for  re- 

cording the  questions  set  The  date  should 
be  inserted  at  the  head  of  each  group  of 
questions  Teachers  will  find  them  con- 
venient for  keeping  a  record  of  the  answers 
to  sums  set.  etc. 


QUESTIONS    SET. 


This  page  may  be  used  for  recording 
any  abnormal  or  special  occurrences  affecting 
the  class  at  any  meeting. 


QUESTIONS  SET. 


1917.]  MINING    EDUCATION    IX    ENGLAND.  267 

DISCUSSION. 

Mr.  G.  F .  Adams  reminded  members  that  the  question 
of  a  School  of  Mines  in  the  coalfield  first  came  up  some 
years  ago  when  an  announcement  was  made  that  the 
Sibpur  College  was  to  be  removed  to  Ranchi.  Members  at 
the  time  felt  that  if  the  College  was  coming  away  from  Cal- 
cutta, the  portion  of  it,  which  dealt  with  mining  education, 
should  undoubtedly  be  located  in  the  coalfield,  and  a  meet- 
ing was  held  at  Dishergarh,  at  which  the  subject  was  dis- 
cussed. He  was  afraid  that  the  financial  situation  would 
prevent  the  erection  of  such  a  School  of  Mines  for  some 
time,  possibly  for  some  years.  He,  therefore,  advocated 
that  the  Government  of  Bengal  should  be  urged  to  run  the 
School  of  Mines  at  Sibpur  College  as  much  as  possible  on 
the  lines  indicated  in  the  paper  now  under  discussion. 

Mr.  B.  Heaton  (Principal ,  Civil  Engineering  College): — 
It  may  interest  members  to  know  the  history  of  the  present 
Mining  classes.  These  were  established  by  the  Bengal 
Government  at  Sibpur  in  1906.  The  Government  of  India 
addressed  the  Government  of  Bengal  on  the  matter,  and 
the  latter  appointed  a  Committee  to  prepare  proposals. 
The  scheme  that  was  adopted  was  drafted  on  similar  lines 
to  those  of  the  other  Engineering  classes  at  the  College  in 
which  a  special  feature  is  made  of  instruction  in  practical 
work.  In  these  other  cases  however  the  College  courses 
are  followed  by  a  period  of  practical  training  before  the 
Full  Course  Certificates  are  issued.  This,  though  proposed 
for  the  Mining  classes,  could  not  be  carried  out  owing  to 
the  difficulty  of  securing  residential  accommodation  for 
students  in  the  coalfields,  and  the  proposal  that  they 
should  pay  fees  for  their  practical  training.  The  Civil 
Engineering  and  the  Mechanical  and  Electrical  Engineering 
courses    which    compete   for    students    directly    with    the 
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Mining  courses,  are  not  encumbered  by  such  difficulties, 
and  in  their  cases  scholarships  are  granted  to  students  to 
help  in  their  maintenance  while  on  training.  A  solution 
was  found  iu  the  establishment  of  a  yearly  Mining  Camp 
lasting  for  6  weeks,  which  could  be  held  in  different  coal- 
fields each  year. 

The  opinion  of  members  would  be  specially  useful  at 
present  on  the  suggestions  as  to  recruiting  for  the  Mining 
classes  made  in  report  under  discussion.  My  personal 
opinion,  based  on  experience,  is  that  in  order  to  secure  the 
best  men  the  direct  recruiting  to  the  classes  should  be  left 
in  the  hands  of  the  Principal,  and  I  can  safely  say  that  if 
the  recruiting  had  hitherto  been  made  after  Apprentice- 
ships on  a  colliery,  none  of  the  lads  trained  at  Sibpur  would 
have  joined  the  College  and  they  would  have  been  lost  to 
the  industry.     In  fact  the  classes  would  have  been  empty. 


Jharia  Meeting. 

Meld  on  Monday,  the  nth  December,    1016. 

The  Sixth  Ordinary  General  Meeting  of  the  Institute 
was  held  at  Jharia  on  Monday,  the  nth  December,  1916. 
The  members  met  at  the  Jharia  Club  at  8-30  a.m.  and,  fol- 
lowing the  route  shown  on  the  plan,  passed  over  all  the 
outcrops  from  no.  15  seam  to  no.  10  seam,  returning  then 
from  Goluckdih  to  the  Jharia  Club  through  Tisrah,  Kuja- 
mah,  Madhubun  and  Lodna,  where  they  lunched  at  12-30 

A.M. 

Present  : — Messrs  G.  F.  Adams,  R.  Aitken  (guest),  R.  Barrowmaii, 
W.  Beckett,  G.  de  P.  Cotter,  C.  A.  Crofton.  J.  R.  Harrison,  R.  Heron 
J.  S.  Kean,  C.  H.  McCale,  J.  Preston  (guest),  Thos.  Walsh,  J.  B.  Ward- 
law,  and  G.  C.  Webster. 

Xote   ox   the   Correlation   of  the    Kusunda- 
Jharia-Lodna   Coal   Outcrops. 

By  R.  R.  Simpsox. 

In  his  revision  (Rec.  Geol.  Surv.  India,  XXV,  pt.  2)  of 
Mr.  T.  W.  H.  Hughes'  map  [Mem.  Geol.  Surv.  India,  V, 
pt.  4)  of  the  Jharia  coalfield,  Mr.  T.  H.  Ward  has  assumed 
the  existence  of  a  dip- fault  displacing  the  southerly  exten- 
sion of  the  outcrop  of  no.  10  seam  some  2,000  feet  to  the 
west  in  the  neighbourhood  of  the  Jharia  Rajbari.  This 
presumption  has  led  to  the  conclusion  that  the  coal  known 
as  no.  10  seam  at  Kusunda  is  the  same  seam  as  that 
worked  under  the  same  name  at  Kujama  (Jharia  Railway 
Station)  and  Lodna. 

A  detailed  survev  of  the  area,  however,  has    shown 


270    TRANS.  MINING  &  GEOL.  INST.  OF  INDIA.     [Vol    XI.  1017.1 

that  this  fault,  — which  is  well  known  in  the  Ganhudih 
quarry, — actually  displaces  the  outcrop  of  no.  10  seam 
some  150  feet  in  the  reverse  direction.  East  of  this  quarry 
the  outcrop  cannot  be  traced,  but  from  the  evidence  of 
burnt  shales  and  observations  of  the  dip  it  is  presumed  to 
run  due  east  nearly  for  half  a  mile,  and  then  gradually  to 
bend  south  for  half  a  mile  into  Tisra,  where  it  is  known  as 
the  Golukdih  seam  (formerly  considered  to  be  no.  7  seam). 
Immediately  to  the  north  of  the  Golukdih  quarry  the 
burnt  outcrop  is  well  displayed  in  Messrs.  N.  M.  Choudhuri 
and  Company's  no.  5  incline. 

This  correlation  is  borne  out  by  the  evidence  afforded 
by  inclines  on  and  sinkings  through  a  4-foot  coal-seam 
which  lies  some  100  feet  above  no.  10  seam. 

Further  support  is  given  by  the  fact  that  the  outcrop 
of  the  Kusunda  11-12  seam  can  be  traced  continuously 
through  Bhagatdih  to  the  Raj  ban,  from  whence,  continuing 
on  the  same  strike  for  half  a  mile  through  the  unworked 
area  on  which  stand  the  Rajbari  and  Jharia  bazar,  it 
runs  to  Kujama  and  Lodna  where  it  has  been  worked  and 
sold  as  no.  10  seam  coal  since  the  development  of  the  field 
was  commenced. 

Opponents  of  this  correlation  have  pointed  out  that  in 
Lodna  between  the  outcrops  of  14  seam  and  1 1-12  (so-called 
10)  seam  there  are  three  seams,  respectively  5',  10'  and 
12'  thick,  and  they  contend  that  these  seams  represent  the 
outcrops  of  nos.  13,  12  and  11  seams  There  is,  however, 
evidence  to  show  that  these  three  seams  collectively  repre- 
sent 13  seam,  which,  in  passing  south  through  Jharia 
Khas,  splits  up  into  three  bands,  the  lower  of  which  is 
considered  to  be  13  seam  proper.  On  this  supposition  it 
would  appear  that  the  deep  boring  at  Bhaga  was  stopped 
some  100  feet  or  so  above  nos.  n- 12  seam. 


Extraordinary  General  Meeting. 

Held  at  Calcutta,   on  Januarj'  26th,    1917. 

An  Extraordinary  General  Meeting  of  the  Mining  and 
Geological  Institute  of  India  was  held  at  the  Lecture  Hall 
of  the  Asiatic  Society  of  Bengal,  i,  Park  Street,  Calcutta, 
on  Friday,  the  26th  January,  1917,  at  10-45  A-M- 

Present  : — Dr.  H.  H.  Hayden,  President  (in  the  Chair),  Messrs. 
G.  F.  Adams,  R.  G.  M.  Bathgate,  H.  G  Graves,  S.  Heslop,  J.  S.  Kean, 
C.  H.  McCale,  C.  S.  Middlemiss,  Thos.  Samson,  G.  C.  Webster,  and  H.  H. 
Reynolds  (Hony.  Secy.). 

The  notice  convening  the  meeting  having  been  read, 
the  President  stated  that  the  business  before  the  meeting 
was  the  alteration  in  Rules  10  and  11  of  the  Articles  of 
Association  regarding  the  rates  of  entrance  fee  and  sub- 
scription payable  by  Associate  Members. 

The  following  resolutions  were  proposed  in  place  of 
Art.  10  and  11  of  the  Articles  of  Association : — 

Rule  10.  The  admission  fee  payable  on  the  election  to  Ordinary 
Membership  or  Associateship  shall  be  Rs.  30,  and  to  Associate  Mem- 
bership Rs.  10,  provided,  nevertheless,  that  a  member  who  has  resigned 
his  membership  and  who  has  been  re-elected  a  member  under  Clause  8 
hereof,  shall  only  be  liable  for  half  the  admission  otherwise  payable.  In 
the  case  of  Associate  Members  the  Council  shall  have  the  right  to  remit 
admission  fee  from  time  to  time  as  they  shall  determine. 

Rule  11.  In  addition  to  the  admission  fees  payable  as  above,  the 
following  annual  subscriptions  shall  be  payable  in  advance  on  the  ist 
day  of  January  in  each  year  for  the  then  commencing  }*ear,  save  and 
except  that  in  the  case  of  members  elected  between  any  31st  October 
and  31st  December  only  one-half  of  the  subscription  payable  as  aforesaid 


272    TRANS.  .MIX  IXC  &  GEOL.  IXST.  OF  INDIA.     [Vol    XI.  1917. 


shall  be  payable  in  respect  of  the  calendar  year  then  current,  that  is  to 

say  : — 

Rs. 

30     (compoundable  as  a  life  subscription 

on  payment  of  Rs.  200). 
10 

30 

30  (compoundable  as  a  subscription  on 
the  payment  of  Rs.  200  for  life  in 
the  case  of  an  individual,  or  for  15 
years  in  the  case  of  firms  or  cor- 
porate bodies). 


Ordinary  Members 

Associate  Members 

Associates 

Subscribers 


These  resolutions  were  passed  unanimously. 


MINING   AND   GEOLOGICAL   INSTITUTE  OF  INDIA. 

Transactions,  Vol.  XI,  PI.  9. 


Fie,   r.     Hatfield  Main  Sinking.    New  Red  Sandstone.     Porous  sand. 
(37°/.  porosity.) 


Frc    2     Stonehall  Colliery,  Dover  Coalfield.    Chalk. 
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FIG    i      Coventry  Sinking.  Warwickshire.     Coal   Measure  Marl 


H'-    i     Plenmeller  Colliery,  Haltwhistle.    Lower  Coal  Measures. 
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Hatfield   Main  Sinking.     Incompleted   ring  for   forming  concrete  lining  to  shaft,  showing 

reinforcement. 


MINING   AND  GEOLOGICAL   INSTITUTE  OF  INDIA. 

Transactions,  Vol.  XI,  PI.  12. 


PART  OF 
JHARIA   COALFIELD. 


INDEX. 


Page 


Adams,  G.  F.,  on  mining  education 
,,  ,,    shaft  cementation 

Aluminium 
Ammonium  sulphate 
Aniline  dyes 
Annual  address 
Annual  meeting 
Asansol  meeting 


/ 


161,  26 

153.  15S 

i.S 

20 

16,  18 

11 

1 

59.  143 


B 


Balance  sheet 

7 

Ballarpur  colliery 

30 

Barakar  meeting    .  . 

49 

„        series 

49 

Barmuri 

..       50 

Barnes,  Hon'ble  Sir  George,  speech  by 

■•      135 

Bathgate,  R.  G.  M.,  on  shaft  cementation 

155.  156 

Bauxite 

ib 

Bawdwin  mine 

21 

Beckett,  W.,  on  deep  mining  .  . 

121 

,,                 ,,    shaft  cementation 

15^ 

Bengal,  deep  coal  areas  :   Development  of 

••       77 

Bengal  Iron  &  Steel  Co. 

17 

Bull.  H.  M„  on  Jharia  Coalfield 

141 

Burma  Mines  Co. 

21 

Calcutta  meeting 

Cape  Copper  Co. 

Cementation  process  of  Shaft-sinking 

Choitodih  meeting. . 

Coal  areas,  development  of  deep 


1 

21 

..      144 

■•       54 
77,  92,  no 


IV 


INDEX 


Coals,  classification  of 

Colliery  managers,  education  of 

Comphausen  collier}-,  working  of  thick  seams  at 

Cotter,  G.  de  P.,  on  shaft  cementation 

Council,  report  of    .  . 

Coventry  collierv 


Page 

78 
179 
121 

153 

2 

148 


Daltonganj  coalfield 

Davies,  H.,  on  mining  education 

.,       R.  3  ,  award  of  Government  prize  to 
Deep  mining 

Description    of   the   methods   of   working  out   the   pillars   at   the 
Mohpani  mines  by  means  of  packing  and  a  comparison  of  the 
dry  and  wet  sj'Stems  of  packing 
Development  of  deep  coal  areas  in  Rengal 
Dolerite 
Dry  packing 


••   45 
168,  174,  176 

9 
•■  77 


29 
77 

50 

43 


Education  of  the  colliery  manager 

„  ,,    .,    subordinate  officials 

Elphinstone,  W.  S..  on  deep  mining 
Equipment  of  coal  areas 
Evening  class,  scope  of 
Extraordinary  general  meeting 
Extraction  of  pillars 


■■  179 
•  •  183 
..  116 
..  96 
175,  188 
..  271 
30 


Fermor,  L.  L.,  on  Jharia  coalfield 
„    manganese 


141 

18 


George,  Gleu,  on  deep  mining 

„  ,,        ,,    hydraulic  packing 

,,    mining  education 


77'  124 

45.  65 

. .      161 


IXDF.X. 


Page 

George,  Glen,  on  shaft  cementation 

■•      159 

Giridih 

•  •      103 

Golukdih  seam 

270 

Government  prize 

•  •     5-0 

Graves,  H.  G.,  on  deep  mining 

120 

H 

Habberjam,  C,  on  deep  mining  .  .    . 

Haulage  system  in  packing 

Hayden,  H   H.,  Presidential  address  by    . . 

, ,  . .       speech  by 

Heaton,  B.,  on  mining  education 
Holland,  Sir  Thos.  H. 
Hughes,  Alec  B.,  ou  deep  mining 
Husband,  R.  H. :  award  of  Government  prize  to 

„  ,,     ,  on  hydraulic  packing 

Hydraulic  packing,  working  cost 


121 
36 

11 

133 

267 

2,  136 

119 

0 

70 

65 


Industries,  mineral,  of  India    . . 

Institute  prizes 

Ironside.  \V.  A.,  on  deep  mining 


12 

6 

in 


Jharia  coalfield 

,,      map  committee 
,,      meeting 


. .      140 

4 
139,  269 


K 


Kean,  J.  S.,  on  shaft  cementation 


157 


Labour 

Leach,  G.  C,  on  shaft  cementation 
Legislation  in  mining,  New  South  Wales  . 
Low  &  Co.,  H.  V.  . . 


84,  no,  124 

160 

119 

53 


-^VT 


INDEX. 


M 


Page 

Malkera  Choitodih  colliery 

■■       54 

Manganese 

r8 

McCale,  C.  H.,  on  shaft  cementation 

150.  i53 

Meeting  at  Asansol 

59.  143 

„        ,,   Barakar 

••       49 

„        ,,    Calcutta 

1 

„         ,,    Choitodih 

••       54 

„    Jharia 

139.  209 

Mica-apatite-peridotite 

••       49 

Mineral  industries  of  India 

12 

Mining  of  deep  coal  areas 

••       77 

Mining  education,  report  on 

. .     161 

,,      syllabus 

190 

Mohpani  coal  measures 

..       31 

„        colliery,  working  out  pillars 

..       29 

„              ,,         cost  of  packing 

..       41 

N 


Northern  Shan  States 


21 


Output  of  coal 

Owen,  F.,  on  shaft  cementation 


..       84 
158,  159. 


Packing,  comparison  of  dry  and  wet 

Papers,  Judging  committee  on 

Pillars,  extraction  of 

Potash  salts 

Presidential  address 

Prize,  Government  of  India 

Prizes,  Institute 


42 

9 

30 

10,  20 

n 

•     5.9 
6 


Report  of  Council 

Report  of  Judging  Committee  on  papers 


INDEX 


vii 


Report  on  mining  education  in  England  with  special  reference   to 

India 
Roberton,  E.  H.,  on  deep  mining 

,,  ..        ,,    shaft  cementation 

,,  ,,        ,,    mining  education 

Rules,  alteration  of 


Page 

161 

"7 


144.  154,  155,  156    157,  i5g, 
..161 

271 


Sanctoria 

65 

Serampore  colliery 

109 

Shafts,  sinking  of   .  . 

■  ■      144 

Simpson,  F.  L.  G.,  on  deep  mining 

ill,  118 

,,          ,,  Mohpani  packing     .  . 

29,  61  68,  60 

R.  R..        ..  coal  outcrops 

.,            ,,             ..  Jharia  coalfield 

140 

„            „             ,,  shaft  cementation  . 

156.  157 

Starks  Field,  B.,  on  hydraulic  packing 

..       61 

..     ,,    shaft  cementation 

•  •     157 

Subsidence  committee 

5 

Syllabus  in  mining 

..     189 

T 

Tarlton,  H.  M.,  on  shaft  cementation 

..      152 

Tata  Iron  &  Steel  Co. 

17.  54 

Timber  in  packing 

•  •       34 

u 

Underground  training  of  Mining  students 


186 


W 

Walsh,  Thos.,  on  hydraulic  packing 
Ward,  Thos.  H.,  on  deep  mining 

,,  ,,  ,,    hydraulic  packing 

Warwickshire  coalfield 
Wet  packings 
Wolfram 

Working  cost  at  Mohpani  colliery 
,,        of  thick  coal  seams 


47 

102.  12s 

62 

118 
42 
23 
39 

121 


TRANSACTIONS 

oi  the 

MINING  and  GEOLOGICAL  INSTITUTE 

Of 

INDIA. 


vol.  XII. 


EDITED    BY 

THE 

HONORARY    TREASURER. 


CALCUTTA: 


PUBLISHED    BY    THE    INSTITUTE    ANT)    PRINTED    AT    THE 
BAPTIST    MISSION"    PRESS. 


igi8. 


CONTEXTS. 


Part  I. 

Page 

Annual  Meeting.  January  26th,  1917    . .                  . .  . .          1 

Report  of  Council,  1916  . .                  . .                  . .  . .          2 

Balance  Sheet                    . .                  . .                  . .  . .          8 

Report  of  the  Judging  Committee  on  Papers       . .  .  .        10 

Election  of  Officers           . .                  . .                  . .  ..11 

Presidential  Address         . .                  .  .                  . .  . .        13 

Description  of  Cotton  manufacture    .  .                   .  .  23 

Jharia  Meeting,  February  19th,  1917    . .                  . .  29 

The  Extraction  of  coal  pillars  from  '  fiery  '  seams,  and  goaf 

stowing  in  Indian  mines.      By  R.  H.  Husband  . .        30 
Preliminary  note  on  the  burning  of  coal  seams  at  the  outcrop. 

By  L.  Leigh  Fermor,  D.Sc,  A.R.S.M.,  F.G.S.  . .       50 

Jharia  Meeting,  April  2nd.  1917            ..                 ..  ..64 


Part  II. 

Asansol  Meeting,  June  18th,  1917         . .                 . .  •  ■       77 

Housing  of  labour  and  sanitation  at  mines  in  India.  By  J.  H. 

Evans          . .                  . .                  . .                  . .  79 

Some  primary  considerations  in  hydraulic  stowing  in  mines, 
with  a  note  particularly  relating  to  the  coal-fields  of  Bihar. 

By  C.  A.  John  Hendry.  F.R.G.S..  A.M.I.M.E.  .  .        90 

Excursion               . .                  . .                  . .                  . .  •  •     129 


Cransactions 

of  the 

mining  and  Geological  Institute  or  India. 

Part  1.]  1918.  [January. 


Annual  Meeting. 

Held  on   Friday,  January   26th,    1917. 

The  Eleventh  Annual  General  Meeting  of  the  Institute 
was  held  in  the  Lecture  Hall  of  the  Asiatic  Society  of 
Bengal,  1,  Park  Street,  Calcutta,  on  Friday,  the  26th 
January,  1917,  at  11  a.m.,  Dr.  H.  H.  Hayden,  the  retiring 
President,  in  the  Chair.  The  following  members  were 
present :— Messrs.  G.  F.  Adams,  P.  H.  Ashcroft,  R.  S. 
Ashcroft,  A.  C.  Banerjee,  R.  G.  M.  Bathgate,  W.  Chowdhry, 
H.  G.  Graves,  B.  Heaton,  S.  Heslop,  J.  S.  Kean,  C.  H. 
McCale,  C.  S.  Middlemiss,  H.  H.  Reynolds,  E.  H.  Roberton, 
Thos.  Samson,  R.  R.  Simpson,  J.  B.  Wardlaw,  G.  C. 
Webster,  and  D.  A.  Whyte. 

The  President,  in  opening  the  meeting,  appointed 
Messrs.  J.  S.  Kean  and  Thos.  Samson  as  scrutineers  to 
examine  the  voting  papers  for  the  election  of  the  office- 
bearers for  the  forthcoming  year. 

He   then   read   the   minutes   of   the    Tenth    Annual 
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Meeting  held  on  the  28th  January,  1916,  and  of  the  ordinary 
general  meetings  held  on  the  20th  November  and  on  the 
nth  December,  1916,  which  were  passed  and  adopted. 

The  Annual  Report  of  the  Council  was  then  read. 

REPORT   OF   COUNCIL,    1916. 

The  Council  have  the  honour  to  present  the  Eleventh 
Annual  Report  on  the  working  of  the  Mining  and  Geologi- 
cal Institute  of  India. 

2.  A  decrease  in  membership  has  to  be  reported  for 
the  third  year  in  succession.  The  additions  to  the  register 
and  the  losses  by  resignations,  deaths,  etc.,  are  shown  on 

the  following  table  : — 

1912  1913 

Additions  . .    16  14 

Losses    . .  •  •    14  14 

Gain       . .  . .     2 

Loss       . .  ....  . .  16  12  14 

The  following  table  gives  the  numbers  of  members 
during  the  last  five  years  : — 


1914 

1915 

1916 

4 

9 

10 

20 

21 

24 

1912 

i9x3 

1914 

i9!5 

1916 

Ordinary  Members  . 

•    249 

249 

233 

221 

206 

Associate  Members  . 

■      15 

16 

14 

14 

13 

Associates 

6 

8 

9 

6 

6 

Honorary  Members  . 

10 

10 

10 

10 

10 

Subscribers 

•      23 

25 

25 

25 

27 

The  Council  note  with  satisfaction  that  Captain  F.  I. 
Leslie  Ditmas,  serving  in  the  Army,  has  been  mentioned  in 
despatches,  and  will  be  glad  to  be  advised  of  any  members 
serving  with  His  Majesty's  Forces  in  India  or  abroad  in 
order  to  compile  as  complete  a  list  of  such  members  as 
possible. 

3.  The  following  members  were  elected  during  the 
year : — 
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i.  Baneriee,  Nirmal  Shib 


2.  Banerjee,  Woomesh 

Ch  under. 

3.  Beckett,  W. 


4.  Cooper,  H. 


5.  Elphinstone,  W.  S. 


6.  Habberjarn,  C. 


James,  E.  D. 


Ordinary  Members. 

Managing  Director,  Kajora  Coal  Co.,  Ld., 
and  Suratand  Coal  Co.,  Ld.  New  Suratar 
Colliery,  Jharia,  Manbhum. 

Colliery  Proprietor  and  Merchant.  7,  Swal- 
low Lane,  Calcutta. 

Holder  of  1st  Class  English  Certificate  of 
Colliery  Managers.  Dishergarh  P.O.. 
Sitarampur,  Burdwan. 

Mining  Engineer.  Holder  of  1st  Class 
English  Certificate  of  Colliery  Managers. 
Dishergarh  P.O.,  Sitarampur,  Burdwan. 

Mining  Engineer.  Holder  of  1st  Class 
English  Certificate  of  Colliery  Managers. 
M.I.M.E.,  Superintendent,  New  Beer- 
bhoom  Coal  Co.,  Ld.,  Asansol. 

Assoc.  I.M.M.  Holder  of  1st  Class  English 
Certificate  of  Colliery  Managers  and  Sur- 
veyors. Gangutiya,  Dishergarh  P.O.. 
Sitarampur. 

Mining  Engineer.  Holder  of  1st  Class 
English  Certificate  of  Colliery  Managers. 
Lodna,  Jharia,  Manbhum. 


The  name  of  Mr.  J.  Henry  Evans,  of  Seetulpore  Col- 
liery, Dishergarh,  has  been  transferred  from  the  list  of 
Associate  Members  to  that  of  Ordinary  Members. 


Steele,  T.  F. 


Associate  Member. 

Mechanical  and  Electrical  Engineer.  Kauta- 
pahari  Colliery,  Panuria  P.O.,  Sitarampur. 
Burdwan. 


1.  Edwards,  L. 

2.  fevons,  H.  Stanley 


Subscribers. 

Messrs.  Audrew  Yule  &  Co.,  Calcutta. 
University    Professor   of   Economics. 
University,  Allahabad. 


The 
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4.  Nineteen  Members  have  resigned :  Messrs.  Thos. 
Adamson,  H.  Archdale,  A.  E.  Arratoon,  R.  J.  Browne, 
A.  Finlayson,  H.  G.  Fleury,  F.  B.  Foster,  A.  H.  Higby, 
W.  A.  Ironside,  A.  Krishnaiya,  S.  McMurtrie,  H.  C.  Martin, 
J.  V.  Maughan,  E.  G.  Nash,  G.  Naysmith,  A.  Russell,  Geo. 
D.  Scott,  J.  J.  Turnbull  (Sr.),  and  J.  R.  R.  Wilson. 

The  Council  deplore  the  deaths  of  the  following  gentle- 
men who  died  during  the  year : — A.  B.  Crole,  Thos.  Richards, 
Arthur  T.  Rose,  and  Manilal  K.  Seth. 

The  name  of  Dr.  J.  H.  C.  Schulten,  late  of  4,  Pollock 
Street ,  Calcutta,  has  been  removed  from  the  list  of  members. 

5.  Meetings  of  the  Institute  were  held  as  follows: — 

Annual  General  Meeting,  Calcutta,  28th  January,  1916. 

First  Ordinary  General  Meeting,  Barakar,  28th  February,  1916. 

Second      ,,              ..  „         Katrasgarh,  27th  March,  1916. 

Third  .,         Asansol,  24th  July,  1916. 

Fourth      ,.               ,,  Jharia,  28th  August,  1916. 

Fifth          ,,               ..  ,.         Asansol,  20th  November,  iqi6. 

Sixth          „               ..  Jharia,  nth  December.  1916. 

It  was  also  intended  to  hold  an  excursion  to  the  Bal- 
larpur  Colliery,  and  the  manganese  mines  at  Balaghat  and 
Kucharwahi  in  the  Central  Provinces,  but  owing  to  a  very 
limited  number  of  responses,  it  was  abandoned. 

6.  The  following  papers  were  read  and  discussed: — 

(a)  A  description  of  the  methods  of  working  out  the  pillars  at 

the  Mohpani  mines  by  means  of  packing,  and  a  compari- 
son of  the  dry  and  wet  systems  of  packing.  By  F.  L.  G. 
Simpson. 

(b)  Development    of    deep    coal    areas    in    Bengal.     By    Glen 

George. 

(c)  Report  on  mining  education  in  England  with  special  refer- 

ence to  India.  By'Messrs.  G.  F.  Adams,  E.  H.  Roberton 
and  Glen  George. 
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(d)  Cementation  Process  of  shaft  sinking  by  E.  H.  Roberton. 
The  following  papers  have  also  been  received  :- 

(a)  Extraction  of  coal  pillars  from    fiery '  seams  and  goaf  stow- 

ing in  Indian  mines.     By  R.  H.  Husband. 

(b)  Housing  of  Labour  and  sanitation  at  mines  in  India.     By 

J.  H.  Evans. 
ie)   Preliminary  note  on  the  burning  of  coal   seams  at  the  out- 
crop.    By  L.  Leigh  Fermor. 

7-     Two  parts  of  the  "  Transactions"  have  been  pub- 
lished forming  Part  2  of  Volume  X  and  Part  i  of  Volume 
XI.     Vol.  X,  Part  2  was  issued  to  Members  on  the  30th 
September,  and  Vol.  XI,  Part  1  on  the  10th  November 
10,16. 

8.  Nine  Council  Meetings  were  held  during  the  year 
for  the  election  of  members  and  transaction  of  the  current 
business  of  the  Institute. 

9-  Jharia  Map  Committee.— A  meeting  of  the  mem- 
bers was  held  on  the  igth  June,  1916,  when  the  Honorarv 
Secretary  (Mr.  R.  R.  Simpson)  reported  that  the  mapping 
of  the  outcrops  was  complete.  The  finished  sheets  as  pre- 
pared by  the  Surveyor,  were  presented  and  scrutinized 
It  was  agreed  that  the  sheets  should  be  sent  back  to  the 
Sub-Committees  for  final  revision.  This  was  done  The 
work  of  revision  is  still  in  progress. 

As   the  railway    maps  supplied   by   the  East  Indian 
Railway  Company,  and  the  road  maps  supplied  by  the  Dis- 
trict Engineer  of  Manbhum,  have  proved  to  be  incorrect 
it  has  been  necessary  to  re-survey  these  features      This 
has  caused  considerable  delay. 

The  Government  of  India  having  kindly  consented  to 
permit  a  member  of  the  Geological  Survey  to  revise  the 
geological  boundaries,  Mr.  G.  deP.  Cotter  has  now  taken 
up  the  work. 
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io.  The  Subsidence  Committee  consisted  of  the  same 
members  as  during  the  previous  year,  viz. : — Mr.  Glen 
George  (Chairman),  Mr.  R.  G.  M.  Bathgate,  Mr.  J.  S.  Kean. 
Mr.  P.  S.  Keelan,  Mr.  F.  Owen,  Mr.  A.  B.  Hughes,  and 
Mr.  G.  F.  Adams  (Honorary  Secretary). 

One  meeting  was  held  during  the  year.  The  Surveyor 
has  continued  his  observations.  During  the  year  he  took 
36  such  observations.  Observations  have  now  altogether 
been  made  at  17  collieries,  of  which  one  has  been  visited 
seven  times,  two  six  times,  three  five  times,  four  four 
times,  two  three  times,  three  twice,  and  two  once.  The 
depths  of  these  collieries  var}?-  from  79  ft.  to  goo  ft.  The 
Committee  hope  in  a  few  weeks  to  issue  an  interim  report 
to  members,  and  to  the  other  parties  contributing. 

11.  The  following  list  comprises  the  names  of  Socie- 
ties or  Institutions  with  whom  exchanges  of  publications 
have  been  arranged:  — 

1.  American  Institute  of  Mining  Engineers,  New  York — Bulletins. 
z.  Asiatic  Society  of  Bengal,  Calcutta — Journal  and  Proceedings 
(New  Series)  and  Memoirs. 

3.  Australasian  Institute  of  Mining  Engineers,  Melbourne — Pro- 

ceedings. 

4.  Australian  Mining  and  Engineering  Review,  Melbourne. 

5.  Chemical,  Metallurgical  and  Mining  Society  of  South  Africa, 

Johannesburg — Transactions. 

6.  Department  of  Mines  in  India.  Dhanbad — Annual  Report. 

7.  Department  of  Mines,  Canada,  Ottawa — Reports  and  Mono- 

graphs. 

8.  Department  of  Mines,   Johannesburg — Reports   and  Statis- 

tics. 

9.  Engineering  Magazine,  New  York. 

10.  Geological  Survey  of  India,  Calcutta — Records  aud  Memoirs, 
n.  Geological  Survey  of  Western  Australia,  Perth — Bulletins. 

12.  Geological  Survey  of  New  South   Wales,   Sydney — Reports, 

Mineral  Resources  and  Geology. 
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13.  Imperial  Institute  of  the  United  Kingdom,    the  Colonies  and 

India — Bulletins. 

14.  Institution  of  Mining  Engineers,  London — Transactions. 

15.  Institution  of  Mining  and  Metallurgy.  London — Transactions. 

16.  Mysore  Geological  Survey,  Bangalore — Reports,  Memoirs  and 

Records. 

17.  Mining  and  Engineering  World,  Chicago. 

r8.  Northern  Engineering  Institute  of  New  South  Wales.  New- 
castle— Publication. 

in.  Patent  Office.  London — Mining,  Quarrying.  Tunnelling  and 
Well-sinking.  Grinding.  Crushing.  Pulverizing  and  the 
like. 

20.  Birmingham  Engineering  and  Mining  Journal. 

2i.  Royal  Cornwall  Polytechnic  Society.  Falmouth — Reports. 

22.  United    States    Geological    Survey.    Washington — Bulletins. 

Water-Supply,  Mineral  Resources  and  Monographs. 

23.  University  of  Illinois.  Urbana — Bulletins. 

12.  The  prize  offered  by  the  Government  of  India 
for  the  best  paper  read  before  the  Institute  was  divided 
equally  between  Messrs.  R.  S.  Davies  and  R.  H.  Husband 
for  their  respective  papers  on  "Hydraulic  Packing  at 
Ballarpur  Colliery,"  and  "Practical  Notes  on  the  vari- 
ous Systems  of  Underground  Haulage  applicable  to  Indian 
Mines." 

13.  Institute  Medals. — Three  medals — gold,  silver  and 
bronze — were  offered  for  the  best  papers  read  before  the 
Institute  during  the  year  on  specified  subjects. 

14.  The  following  is  the  financial  statement  for  the 
year  1916.  The  revenue  of  the  Institute  for  the  year  is 
Rs.  9,651-3-11.  Of  this  amount,  Rs.  6,535-13-4  has  been 
derived  from  subscriptions,  compared  with  Rs.  7,048-5-4 
in  the  previous  year.  Transactions  and  Maps  sold  and 
Advertisements  realized  Rs.  375-2-3  as  compared  with  Rs. 
550-5-6,  and  the  amount  received  for  interest  Rs.  1,246-12-4 
as  compared  with  Rs.  1,202-15-4  in  the  previous  year.     In 
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addition,  a  sum  of  Rs.  380  has  been  transferred  from  the 
Reserve  Account. 

The  expenditure  is  Rs.  7,366-12-6  as  against  Rs. 
9,230-4-0  in  the  previous  year.  A  sum  of  Rs.  135  has  been 
written  off  on  account  of  subscriptions  for  191 5  not  re- 
coverable. Of  the  amount  previously  written  off  Rs.  210 
was  recovered  during  the  year.  The  subscriptions  out- 
standing amount  to  Rs.  870. 

The  President  proposed  that  the  Report  as  read  and 
the  Accounts  as  put  before  the  meeting  be  passed  as  correct. 

This  was  seconded  by  Mr.  H.  G.  Graves  and  passed 
unanimously. 

The  following  is  the  Report  of  the  Judging  Committee 
on  papers  read  before  the  Institute  during  the  year  1916  :— 

REPORT   OF   THE   JUDGING   COMMITTEE 
ON    PAPERS   OF    1916. 

A  meeting  of  the  Judging  Committee  was  held  in  Calcutta  on  the 
26th  January,  1917. 

Present: — Messrs  J.  S.  Kean.  C.  H.  McCale,  R.  R.  Simpson,  and 
G.  C.  Webster. 

The  members  were  unanimously  of  opinion  that  the  Government 
prize  of  Rs.  500  should  be  given  to  Mr.  F.  L.  G.  Simpson  for  his  paper 
on  "A  description  of  the  methods  of  working  out  the  pillars  at  the 
Mohpani  mines  by  means  of  packing,  and  a  comparison  of  the  dry  and 
wet  systems  of  packing."  and  that  the  medals  offered  by  the  Institute 
should  be  awarded  as  follows :  the  gold  medal  to  Mr.  F.  L.  G.  Simpson 
for  his  above-mentioned  paper,  the  silver  medal  to  Mr.  Glen  George  for 
his  paper  "Development  of  deep  coal  areas  in  Bengal,  and  the  bronze 
medal  to  Mr.  E.  H.  Roberton  for  his  paper  on  "The  Cementation 
process  of  shaft  sinking." 

The  Honorary  Secretan-  then  read  the  result  of  the 
voting  for  the  President  and  other  Members  of  Council  for 
the  forthcoming  year,  and  the  following  gentlemen  were 
declared  elected  : — 
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President : 

R.  G.  M.  Bathgate,  f.g.s.,  General   Manager.  East   Indian  Coal  Co.. 

Ld. 

Vice-Presidents  : 

H.  J.  Winch,  f.i.c,  Manager,  Shivrajpur  Syndicate  Ld.'s  Shivraj- 

pur  Mines. 
C.  H.  McCale,  f.g.s.,  General  Manager,  Damuda  Coal  Co.,  Ld. 

Honorary  Treasurer  and  Editor  of  Transactions  : 

H.  H.  Hayden,  c.i.E.,  f.r.s..  d.sc,  Director,  Geological  Survey  of 

India 

Honorary  Secretary  : 

E.  H.  Roberton,  M.sc,  b.a.    m.i.m.E.,  f.g.s..   Professor  of  Mining, 
C.  E-  College,  Sibpur. 

Members  of  Council : 

1.  AC.  Banerjee,  m.a.,  Messrs.  A.  C.  Bauerjee  &  Co. 

2.  H.  M.  Bull,  M.I.M.M.E.,  .Superintendent,  Bansjora  Coal  Co.,  Ld. 

3.  L.  L.  Fermor,  a.r.s.m.,  d.sc.  f.g.s.,  Superintendent,  Geological 

Survey  of  India. 

4.  A.  H.  Izat,  Manager.  Central  Provinces  Prospecting  Syndicate. 

5.  J.  S.  Kean,  .Superintendent,  Tata  Iron  &  Steel  Co.'s  Collieries. 

6.  P.  S.  Keelan.  Chief  Mining  Engineer,  Katras  Jharia  Coal  Co., 

Ld. 

7.  G.  C.  Lathbury,  Superintendent.  E.  I.  Ry.  Collieries. 

8.  G.  C.  Leach,  m.i.m.E.,  a.i.e.e.,  Inspector  of  Mines  in  India. 
q.     W.  A.  Lee,  Messrs.  W.  A.  Lee  &  Co. 

id.  A.  Mort,  Manager,  X.  W.  S.  Ry.  Collieries. 

11.  W.  J.  Rees,  Agent,  Messrs.  X.  C.  Sircar  &  Sons'  Collieries. 

12.  H.  H.  Reynolds,  M.I.E.E.,  Consulting  Engineer. 

13.  T.  Samson,  m.i.m.E,  General  Manager,  Khas  Collieries. 

14.  B.  ^.tarks  Field,  Manager,  Barakar  Coal  Co.  Ld. 

15.  G.  C.  Webster,  Mining  Engineer,  Messrs.  F.  W.  Heilgers  &  Co. 

The  President,  after  congratulating  the  Institute  on  its 
newly  elected  President  and  Council  for  the  forthcoming 
year,  called  upon  Mr.  Bathgate  to  take  his  place. 

Mr.  Bathgate,  the  President-elect,  then  took  the  chair. 
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Mr.  H.  G.  Graves: — Mr.  President  and  Gentlemen, 
allow  me  first  of  all  to  congratulate  Mr.  Bathgate  on  taking 
the  chair.  I  want  to  move  a  vote  of  thanks  to  the  out- 
going President,  Secretary  and  Members  of  Council  for  the 
past  year.  Mr.  Hayden  has  served  us  now  as  President 
for  two  years  in  succession,  and  very  well  indeed  has  he 
done  it.  Mr.  Reynolds,  Honorary  Secretary,  who  gives 
way  to  Mr.  Roberton,  has  been  with  us  five  or  six  years, — 
an  interminable  number  of  years, —  and  he  has  been  very 
busy  for  us,  and  he  had  a  great  deal  to  do.  Many  of  the 
members  of  Council  have  turned  up  at  many  Council 
meetings  and  have  done  valuable  work.  We  ought  to  pass 
a  hearty  vote  of  thanks  to  the  retiring  President,  the 
retiring  Secretary,  and  the  retiring  members  of  Council. 

President: — I  have  much  pleasure  in  seconding  that. 

The  motion  was  put  and  carried  unanimously. 

The  President  then  read  his  Address. 


Presidential  Address. 

BY 

R.  G.   M.   Bathgate,   F.G.S. 

Gentlemen, — To  be  president  of  the  Mining  and  Geo- 
logical Institute  is  no  small  honour,  and  it  is  at  the  same 
time  no  light  responsibility,  and  I  have  put  on  the  cloak 
worn  by  my  distinguished  predecessors  with  more  than 
ordinary  diffidence.  Having  however  put  it  on,  I  am  deter- 
mined to  do  my  best — and  no  man  can  do  more — to  serve 
the  best  interests  of  the  Institute  during  my  year  of  office. 
I  thank  you  for  the  trust  you  have  confided  in  me,  and  I 
hope  that  trust  will  not  be  misplaced,  and  if  I  ask  your 
forgiveness  for  commencing  with  a  request,  it  is  only  be- 
cause I  feel  that  the  request  must  be  made.  I  request  your 
co-operation,  because  without  it  the  best  and  most  untiring 
of  Presidents  is  useless. 

In  my  opinion  there  has  never  been  a  time,  since  the 
Institute  was  inaugurated  eleven  years  ago,  when  it  could 
be  of  such  service  to  the  Mining  Profession  in  India  as  to- 
day. There  is  no  doubt  that  it  has  been  of  great  service , 
and  that  more  than  one  reform  has  sprung  from  our  de- 
liberations in  the  past.  But  we  are  entering  on  a  new  era 
and  upon  changed  conditions  and  we  are  entering  on  them 
with  comparative  suddenness.  In  Britain  there  has  been  a 
quiet  and  steady  progress  in  Mining  methods,  but  I  think 
you  will  agree,  that  the  members  of  our  profession,  who 
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retired  only  ten  years  ago,  would  rub  their  eyes  if  they 
came  out  to-day.  The  reason  is  not  far  to  seek.  We  have 
been  confronted  with  deeper  sinkings  and  we  have  come  to 
realize  that  Indian  Coal  resources  are  by  no  means  in- 
exhaustible. We  are  realizing,  and  I  think  the  gentlemen 
in  Calcutta  who  have  the  directing  of  operations  are  also 
realizing,  that  a  very  heavy  responsibility  lies  upon  us  all 
unless  we  change  the  wasteful  methods  of  the  past.  And 
the  pioneers  in  reform  among  us,  taking  advantage  of  the 
inventions  of  older  countries,  which  have  been  the  result 
of  so  much  painstaking  toil  and  labour,  have  introduced 
and  are  introducing  plant  and  methods,  which  when  the  In- 
stitute was  launched  on  its  career,  were  un thought  of  in 
this  country. 

It  has  been  customary  in  the  past  for  Presidential 
Addresses  to  meander  lightly  over  many  subjects,  but 
latterly  I  observe  that  the  practice  has  been  to  read  to  one 
subject,  and  it  is  upon  the  subject  of  waste  that  I  want 
specially  to  dwell  this  morning  ;  for  we  must  admit  that  this 
is  a  matter  in  which  there  is  still  much,  I  almost  feel  in- 
clined to  use  the  word  enormous,  room  for  improvement. 
Much  of  it  is  a  legacy,  handed  down  to  us  by  a  generation 
which  was  not  forced  to  look  the  question  in  the  face. 

What  then  are  the  chief  heads,  under  which  we  should 
classify  this  question  of  wasteful  mining  methods  ?  The 
two  chief  points  which  occur  to  me  are  waste  in  working, 
especially  by  not  guarding  against  loss  of  coal  by  under- 
ground fires,  and  wasteful  generation  and  use  of  power 
When  one  reviews  the  number  of  serious  fires  which  have 
occurred  in  collieries  both  in  the  Ranigunj  and  Jharia  Coal 
Fields,  one  is  struck  with  the  quantity  of  coal  that  has  been 
irrevocably  lost.  Since  coal  mining  was  commenced  in 
these  Fields  the  system ,  on  which  the  seams  were  worked . 
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has  been  that  of  pillar  and  stall,  with  Incline  connected  to 
Incline,  and  Pit  to  Pit,  forming  miles  of  galleries  and 
thousands  of  pillars  of  valuable  coal  without  one  single 
barrier  being  left,  or  where  left  of  such  dimensions  that  they 
are  of  little  or  no  use  whatever  as  a  protection  against  Fire 
and  Water.  In  many  cases  collieries  are  connected  to 
collieries,  a  result  due  perhaps  to  inaccurately  laid  down 
boundaries,  or  to  expansive  ideas  on  the  part  of  neighbour- 
ing proprietors,  and  no  doubt  in  many  cases  to  carelessness 
of  surveyors  or  to  the  lack  of  attention  on  the  part  of 
officials,  in  not  working  to  a  definitely  laid  down  scheme 
of  development,  thus  further  extending  the  area  of  unpro- 
tected workings  and  increasing  enormously  the  damage 
which  would  result  by  Fire  or  Water. 

In  the  Jharia  Field,  the  first  fire  occurred  in  igio 
followed  in  1911  by  a  more  serious  outbreak,  since  when 
no  less  than  seven  fires  have  occurred  on  as  many  collieries. 

I  have  since  that  date  frequently  heard  it  stated — it 
could  not  be  argued — that  a  fire  could  not  possibly  occur 
on  "my  Colliery"  nor  "in  mine,"  and  in  one  particular 
case  the  statement  was  made  that  fires  in  Jharia  were 
likely  to  occur  only  in  those  collieries  adjacent  to  the 
Aletamorphics.  Within  a  very  few  hours  of  this  pronounce- 
ment, fire  was  observed  in  a  mine  which  is  very  far  from 
being  in  the  proximity  of  the  Aletamorphics.  The  fact,  too , 
that  a  seam  goafed  years  ago  in  one  particular  colliery  has 
not  fired,  is  no  criterion  that  a  fire  will  not  occur  in  the 
adjoining  one.  I  know  of  cases  where  of  two  panels  in  one 
seam  and  adjacent  to  each  other,  no  fire  occurred  in  the  first 
panel,  nor  were  there  the  least  signs  of  heating,  tempera- 
tures being  noted  and  recorded  regularly,  while  in  the 
second  panel  gob  stink  and  ultimately  fire  occurred. 

The   ventilating   current   entering    both    panels    was 
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practically  equal  in  quantity ,  although  in  the  second  panel 
a  small  corner  to  the  rise  did  not  receive  as  free  ventilation 
as  other  portions  of  the  panel  and  fire  actually  occurred  in 
this  corner.  In  the  first  panel,  however,  the  ventilating 
current  freely  circulated,  and  all  coal  with  the  exception 
of  that  left  for  protection  and  losses  inherent  in  the  system 
adopted,  was  extracted  without  any  signs  of  fire.  In  a 
third  panel  where  the  conditions  were  practically  identical 
to  the  latter  with  a  ventilating  current  freely  circulating 
also,  gob  stink  was  detected  before  all  the  coal  was  extrac- 
ted and  the  panel  had  to  be  abandoned. 

As  regards  the  period  of  incubation  of  gob  fires,  this 
also  gives  rise  to  considerable  uncertainty.  Some  areas  in 
Jharia  were  goafed  so  long  ago  as  1904,  but  have  shown 
no  signs  of  fire,  and  elsewhere  fires  have  occurred  in  as 
short  a  period  as  four  months.  Others  have  occurred  in 
periods  varying  from  7  to  15  months,  2  years  and  4  months 
and  3  years  and  8  months. 

Where  seams  vary  in  thickness,  as  they  do  with  us, 
from  8  feet  to  60  feet,  and  with  such  variations  of  the 
incubation  period  as  those  enumerated,  the  difficulties  of 
extracting  coal  in  pillars  can  be  realized. 

In  the  case  of  seams  up  to  30  feet  thick,  the  extraction 
of  pillars,  on  the  lines  now  generally  practised,  involves  a 
loss  of  not  less  than  25  %  of  the  coal  in  the  pillars.  Where 
seams  are  of  greater  thickness,  say  60  feet,  the  loss  may  be 
anything  between  50  %  and  75  %,  due  regard  being  paid  to 
the  safety  of  the  labour  employed  and  that  of  the  mine. 
It  can  thus  be  easily  seen  by  these  percentages,  the 
enormous  quantities  of  coal  which  the  country  will  lose  in 
the  future,  should  mining  be  carried  on  in  the  wasteful 
methods  that  have,  though  with  exceptions,  been  employed 
up  to  now. 
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Those  firms  contemplating  the  removal  of  pillars  and 
those  actually  engaged  in  so  doing,  would  be  well  advised 
to  take  necessary  precautions  while  there  is  time,  by 
building  stoppings  in  their  extensive  open  areas  which 
would  include  a  limited  number  of  pillars  only.  I  have 
known  of  panels  containing  only  20  pillars,  which  fired 
before  they  were  completely  worked  out.  On  a  rough 
calculation  the  seven  fires  in  Jharia  have  been  responsible 
for  an  almost  total  loss  of  nearly  three  million  tons. 

That  is  waste,  gentlemen,  and  I  suggest  to  you  that  it 
is  avoidable  waste.  To  do  away  with  such  losses  in  future, 
there  is  a  simple  remedy  to  our  hand,  and  that  is  Hydraulic 
Stowing.  Sand  and  Water  are  easily,  and  at  very  little 
cost,  obtainable  by  collieries  situated  on  the  banks  of  rivers ; 
but  for  those  collieries  not  so  favourably  situated  one  or 
more  sand  distribution  stations  would  require  to  be  laid 
down ,  or  the  sand  transported  from  a  main  distribution 
station  on  the  bank  of  the  river,  to  those  collieries  requiring 
it.  I  quite  recognize  there  are  technical  difficulties  to 
overcome  before  Hydraulic  Stowing  can  be  satisfactorily 
introduced  in  our  Coal  Fields,  and  chief  among  them  will 
be  the  supply  of  the  necessary  water. 

It  is  pertinent  to  enquire  now,  knowing  that  Hydraulic 
Stowing  would  save  the  country  such  enormous  losses  of 
valuable  fuel,  why  such  an  obviously  simple  system  was 
not  introduced  long  ago  ? 

The  answer  is  simple.  Coal  Companies  have  never 
obtained  for  their  production  such  prices  as  would  cover 
the  cost  of  these  improved  mining  methods,  and,  uuless 
those  responsible  for  the  sale  of  our  production  realize 
prices  more  in  keeping  with  the  actual  present  and  poten- 
tial value  of  the  coal,  which  would  enable  this  system  of 
stowing  to  be  successfully  introduced,  Colliery  Companies 
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must  either  go  without  dividends,  or  future  generations  be 
born  into  an  India  without  coal. 

It  would  appear  to  be  a  retrograde  step  to  advocate 
an  increase  in  the  price  of  fuel.  It  is  however  well  known 
that  where  consumers  have  more  to  pay  for  their  coal  more 
attention  is  paid  to  the  economical  utilization  of  the  fuel, 
resulting  in  a  reduced  consumption,  and  this  brings  me  to 
the  second  part  of  1113-  subject. 

For  haulage,  pumping,  winding,  ventilating,  etc.,  col- 
lieries require  great  quantities  of  power,  but  there  are  few 
collieries  in  India  at  the  present  time  where  any  serious 
attempt  has  been  made  to  generate  economically.  With 
seams  outcropping  to  the  surface  the  simplicity  of  obtaining 
outputs  resulted  in  many  inclines  and  shallow  pits  being 
opened  out,  each  with  its  separate  engine  and  boiler  plant. 
At  the  majority  of  collieries,  with  slack  debited  against 
colliery  costs  at  the  actual  cost  of  raising,  it  is  used  in 
boilers  regardless  of  whether  the  useful  work  obtained  is  in 
reasonable  proportion  to  the  quantity  consumed. 

The  most  wasteful  of  all  classes  of  boiler  is  the  vertical, 
of  which  there  are  hundreds  in  the  coal  fields,  many  of 
them  grouped  together  without  boiler-house  or  covering  of 
any  description.  In  many  instances  the  practice  would 
appear  to  be  to  fit  a  steam  range,  of  the  same  diameter  as 
the  stop  valve,  to  three  or  more  boilers,  no  consideration 
being  given  to  the  fact  that  though  a  two-inch  range  might 
be  of  ample  dimensions  for  one  or  two  boilers  it  is  totally 
inadequate  for  three  or  more  boilers,  resulting  in  wire- 
drawn steam  and  loss  of  power  at  the  prime  mover.  Verti- 
cal boilers  are  however  gradually  being  replaced  by  Lan- 
cashire boilers,  but  it  will  be  many  years,  if  ever,  before 
their  general  use  at  collieries  will  be  discontinued.  Those 
in  charge  of  them  should,  however,  endeavour  to  make 
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these  admittedly  uneconomical  generators  as  efficient  as 
possible,  by  having  them  suitably  housed  and  properly 
fired. 

As  regards  Lancashire  boilers,  sufficient  attention  is 
not  paid  to  setting,  building  in  and  maintenance  to  prevent 
the  entry  of  cold  air,  and  generally  steam  is  generated 
under  the  most  unfavourable  conditions.  Lancashires, 
like  verticals,  are  more  often  than  not,  neither  housed  nor 
insulated,  resulting  in  serious  losses,  and  it  can  well  be 
realized  the  amount  of  extra  fuel  required  to  maintain  the 
boiler  pressure  during  the  rainy  season.  Under  conditions 
such  as  these  it  is  questionable  whether  an  efficiency  of 
even  50  %  is  obtained  ! 

Another  source  of  serious  waste  arises  from  steam 
ranges.  Boilers  and  engines  instead  of  being  placed  as 
near  as  possible  to  each  other,  are  very  often  too  far  apart, 
and  these  ranges  are  usually  of  the  cheapest  quality  of 
wrought-iron  socketted  pipes  that  the  bazaar  can  provide. 
Owing  to  contraction  and  expansion,  and  the  presence  of 
condensed  steam  in  the  pipes,  it  is  a  matter  of  extreme 
difficulty  to  maintain  tight  joints,  and  steam  is  wasted, 
and  money  expended  in  necessary  repairs.  Great  however 
as  is  the  loss  from  surface  connections,  it  is  small  com- 
pared to  the  losses  from  longer  range  of  pipes  transmitting 
steam  to  underground  pumps  and  haulage  engines. 

On  most  collieries,  besides  the  main  engines,  there  are 
usually  a  number  of  auxilliary  engines  used  for  driving 
coal  crushers,  mortar  mills,,  workshop  machinery,  feed 
pump,  etc.  In  many  cases  these  engines  are  worked  under 
most  unfavourable  conditions  due  to  worn  working  parts ; 
blowing  glands  and  valves  requiring  to  be  set,  all  resulting 
in  unnecessary  consumption  of  fuel. 

It  seems  to  be  a  matter  of  general  indifference  at  some 
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collieries  what  proportion  the  coal  consumption  bears  to 
the  output,  and  with  the  cost  of  raising  coal  steadily 
increasing  owing  to  shortage  of  labour,  increased  wages 
bills,  the  enhanced  prices  of  colliery  stores  and  material  of 
all  descriptions,  every  effort  should  be  made  to  reduce  the 
consumption  on  collieries. 

Of  recent  years  these  considerable  losses  arising  from 
uneconomical  means  of  generating  and  transmitting  steam 
have  been  realized,  and  greater  attention  is  being  paid  by 
a  few  Coal  Companies  to  every  means  by  which  savings 
can  be  effected. 

Boiler  plants  have  been  installed,  fitted  with  super- 
heaters, feed  water  heaters  using  exhaust  steam  from 
winding  engines;  furnaces  designed  to  burn  low  grade  coal, 
in  some  cases  provided  with  forced  draught  and  generally 
fitted  in  such  a  manner  as  would  compare  favourably  with 
the  best  home  practice . 

In  spite  of  these  favourable  conditions,  however,  how 
many  Engineers  regularly  test  the  combustion  gases, 
check  superheat  and  feed  water  heat,  and  the  overall 
efficiency  of  their  boiler  plants  ? 

If  this  were  done,  they  would  be  considerably  surprised 
to  find  that  the  results  did  not  approach  the  standard  of 
efficiency  which  the  plant  was  designed,  and  paid  for,  to 
effect. 

Simultaneously  with  the  installation  of  modern  boiler 
plants,  the  generating  and  transmitting  of  electric  power 
for  hauling,  pumping  and  winding  was  introduced.  The 
earlier  form  of  prime  mover  was  of  the  slow-speed  type 
driving  through  ropes  or  belts  to  the  generator  of  low 
voltage,  but  in  recent  years  high-speed  engines  and 
turbines  coupled  direct  to  high  pressure  generators  have 
been  installed — changes  which  have  resulted  in  more  econo- 


1918.J  PRESIDENTIAL    ADDRESS.  21 

mical  working.  Although  the  advance  has  been  consider- 
able, further  economies  could  be  effected  by  using  the 
exhausted  steam  from  winding  and  auxilliary  engines  in 
mixed  pressure  turbines. 

It  is  far  from  my  intention  to  convey  the  impression 
that  the  adoption  of  electrical  power  on  every  colliery 
already  equipped  with  steam  power,  or  producing  coal 
without  plant,  would  be  a  sound  commercial  proposition, 
for  there  are  collieries  where  nothing  would  be  gained  by 
its  introduction ,  although,  in  many  cases,  it  would  un- 
doubtedly be  the  means  of  reducing  enormously  the  wast- 
age involved  in  conveying  power  to  a  distance  through  an 
unsuitable  medium.  To  quote  one  instance  only,  the 
change  from  steam  to  electrical  power  for  pumping,  not- 
withstanding the  fact  that  there  has  been  an  increase  of 
120  %  in  the  quantity  of  water  to  be  dealt  with,  and  that 
from  greater  depths,  has  effected  a  saving  in  the  coal  con- 
sumption of  7*4%. 

I  alluded  to  the  importance  of  the  Institute  to  the 
Mining  profession. 

I  hope  that  my  few  remarks  may  result  in  the  writing, 
during  my  term  of  office,  of  papers  going  into  the  details 
of  the  subjects  which  I  have  only  been  able  to  touch  on 
lightly  this  morning,  so  that  free  discussion  may  ensue 
upon  them  and  other  wastage  on  collieries.  In  this  way 
can  we  continue  to  justify  our  existence  and  be  of  use  to 
the  Mining  World  in  India. 

Honorary  Secretary  : — I  propose  a  vote  of  thanks  to 
the  President  for  his  address. 

Mr.  G.  F.  Adams  : — I  second  that. 

The  motion  was  put  and  carried  unanimously. 

On   the  motion  of  Dr.   H.  H.  Hayden,  seconded  by 
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Mr.  S.  Heslop,  a  vote  of  thanks  to  the  Asiatic  Society  of 
Bengal  for  the  use  of  the  Lecture  Hall  was  moved  and 
carried  unanimously. 

The  meeting  then  separated. 

Excursion  to  Bowrea  Cotton  Mills. 

By  the  kind  invitation  of  Messrs.  Kettlewell,  Bullen 
&  Co.  a  visit  was  paid  to  the  Bowrea  Cotton  Mills  in  the 
afternoon  of  Friday,  the  26th  January,  1917.  The  Party 
left  Outram  Ghat  in  a  special  launch  at  1-30  p.m.,  returning 
the  same  evening.  A  description  of  the  machinery,  pro- 
cess, etc.  is  printed  on  pp.  23-28. 


Description  of  Cotton  Manufacture. 

BY 

Mr.  J.    W.    Farrer. 

In  a  sense  the  manufacture  of  cotton  begins  at  the 
Plantation  and  Gin  House. 

Cotton  is  a  species  of  hair  or  down  that  grows  out  of 
the  seed  and  envelopes  it.  When  the  lint  is  pulled  away, 
it  shows  a  black  and  rather  oily  husk. 

The  separation  of  this  seed  from  the  cotton  is  the 
first  process  required  to  prepare  it  for  the  market,  which  is 
done  by  a  machine  called  the  Gin,  and  then  pressed  into 
bales  by  hydraulic  power  for  the  mills.  The  cotton  then 
undergoes  a  variety  of  processes  preparatory  to  being  spun 
into  yarn  or  thread. 

The  first  operation  is  to  open  the  bales  and  feed  the 
cotton  into  large  pieces  to  the  Bale  Breaker  machine  to  be 
broken  up,  and  then  into  the  machine  called  the  Crighton 
Opener.  In  this  machine  the  cotton  is  drawn  from  the 
feed  pipe  by  the  action  of  a  fan  which  produces  a  partial 
vacuum  in  the  cage,  and  is  brought  into  contact  with  the 
bottom  blades  of  the  quickly  revolving  vertical  beater 
which  loosen  the  cotton,  and,  as  it  rises,  the  action  is 
repeated  by  each  blade,  until  the  cotton  escapes  to  the  re- 
volving cage  ;  and  from  thence  it  is  cleared  by  the  delivery 
roller  and  lattice.  It  is  then  taken  by  a  Creeper  Lattice 
and  distributed  into  the  various  mixings. 
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The  cotton  is  then  taken  from  the  mixings  and  spread 
evenly  on  a  creeper  lattice  which  conveys  it  to  the 
Hopper  Feeder  machine,  after  which  it  is  carried  forward 
by  a  lattice  against  the  lace  of  an  inclined  lattice  and 
thence  up  to  the  Combing  Cylinder  which  combs  the  cotton, 
after  which  it  passes  down  a  shoot  on  to  the  lattice  feeder. 

The  cotton,  after  passing  through  the  Hopper  Feeder, 
is  delivered  in  an  even  and  open  state  on  to  the  feed  lattice 
connected  to  a  machine  called  the  Exhaust  Opener,  which 
with  the  help  of  the  collecting  roller  carries  it  to  the  pedal 
feed  roller.  These  pedals  regulate  the  quantity  of  cotton 
passing  through  the  machine,  and  the  rollers  having  an 
increased  velocity,  pull  the  cotton  and  present  it  to  the 
cylinder. 

This  cylinder  revolves  very  quickly  and  beats  the 
cotton  against  the  Grid  Bars,  cleans  the  cotton  ;  the  sand 
and  other  impurities  pass  through  the  spaces  of  the  bars 
on  to  the  floor  underneath  the  machine. 

By  the  action  of  large  fans  in  the  Exhaust  Opener, 
the  cotton  is  drawn  through  a  Dust  Trunk  which  is  pro- 
vided with  a  travelling  lattice.  This  lattice  moves  in  the 
opposite  direction  to  the  cotton,  and  the  cotton  in  its  pas- 
sage through  the  Dust  Trunk  beats  against  the  ribs  of  the 
lattice,  and  the  impurities  falling  on  the  lattice  are  carried 
along  and  emptied  on  the  doors  at  the  end  of  the  trunk. 
The  cotton  is  then  presented  to  a  cylinder  which  passes  it 
over  Grid  Bars,  the  dirt,  etc.  falling  into  a  box  behind 
the  cylinder. 

The  cotton  then  passes  on  to  the  first  pair  of  cages 
through  the  Feed  Rollers,  and  is  presented  to  a  Beater  pass- 
ing over  bars  and  dust  box,  which  further  cleans  it ;  it  is 
then  spread  on  a  second  pair  of  cages  and  then  passes 
through  the  calender  rollers  and  made  into  a  roll  or  lap. 
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The  next  operation  is  to  take  four  of  the  laps  made 
by  the  Exhaust  Opener  and  place  them  on  the  feed  lattice 
of  the  scutcher  machine.  The  lattice  unrolls  the  laps  and 
conveys  the  four  layers  to  the  feed  rollers,  where  the 
cotton  is  again  regulated  by  rollers  and  pedals,  and  then 
passes  to  the  beater  to  be  further  cleaned  and  spread 
evenly  on  to  the  cages,  thence  through  the  calender  rollers 
and  made  into  a  lap.  This  operation  is  again  repeated  so 
as  to  get  a  cleaner  and  evener  lap. 

The  next  process  is  the  Carding.  This  is  where  the 
final  cleansing  takes  place  by  the  elimination  of  the  im- 
purities that  have  not  been  removed  by  the  opening  and 
scutching  machinery,  and  the  fibres,  which  are  at  this  stage 
crossed  in  every  conceivable  direction,  require  to  be  placed 
in  parallel  order.  Cotton,  that  is  carded  well,  gives  the 
most  satisfactory  results  in  the  spinning. 

The  Card  consists  of  a  main  cylinder,  covered  with 
wire-clothing,  and  on  its  circumference  the  Flats,  which 
are  made  in  the  form  of  cast-iron  ribs  faced  with  wire- 
clothing,  are  connected  to  form  an  endless  travelling 
lattice.  These  flats  when  quitting  the  Cylinder  are 
stripped  of  any  short  fibres  or  other  impurities  adhering  to 
them  by  the  action  of  a  vibrating  comb,  and  a  revolving 
brush.  The  unlapping  of  the  lap  is  performed  by  a  Roller 
on  which  the  lap  rests,  and  is  drawn  forward  under  the 
feed  roller  and  delivered  to  the  taker-in.  At  this  point 
the  carding  or  combing  action  commences,  the  fleece  being 
held  by  the  feed  roller.  The  fibrous  tufts  of  cotton  are 
carried  round  on  the  under  side  of  the  taker-in  to  the 
Cylinder.  The  wire-clothing  of  the  Cylinder  sweeps  off 
the  cotton  from  the  taker-in  and  carries  it  forward  to  the 
flats.  The  wire-clothing  of  the  flats  is  set  to  face  that 
on  the  cylinder,  travels  forward  in  the  same  direction  as 


26       TRANS.    MINING    &    GEOL.    INST.    OP   INDIA.     [Vol   XII. 

the  surface  of  the  cylinder,  but  at  a  very  slow  rate. 
The  cotton  thus  undergoes  a  very  thorough  carding  and 
straightening  in  passing  the  flats.  The  fleece  of  cotton 
after  its  passage  through  the  flats  is  taken  off  in  a  con- 
tinuous sheet  by  the  Doffer,  the  wire-clothing  of  which 
faces  the  cylinder,  but  runs  at  a  much  slower  speed.  The 
thin  fleece,  the  full  width  of  the  machine,  is  then  gathered 
in  lateral  guides  and  finally  into  a  smooth  bell-mouth  fun- 
nel having  a  very  small  hole,  through  which  the  sliver  is 
drawn  by  calender  rollers,  and  then  into  the  Coiler.  The 
sliver  is  coiled  by  this  arrangement  until  the  Can  is  full , 
and  then  taken  to  the  Drawing  Frame. 

The  Drawing  Frame  is  for  the  purpose  of  placing  the 
cotton  more  parallel,  and  to  render  the  sliver  as  uniform 
as  possible  in  thickness.  This  machine  is  fitted  with  four 
rows  of  top  and  bottom  rollers,  and  to  each  coiler  or 
delivery  six  cans  are  placed  at  the  back.  The  slivers  are 
drawn  from  the  cans,  pass  over  tumblers  of  the  back  stop 
motion,  through  the  guides  of  the  traverse  motion  and 
through  the  Rollers  to  the  trumpet  of  the  front  stop 
motion.  The  sliver  then  passes  between  calender  rollers, 
through  the  tube  of  the  coiler,  and  into  the  can.  There  is 
one  tumbler  to  each  sliver,  and  if  the  sliver  breaks  or  the 
can  comes  empty  the  tumbler  over-balances  and  stops  the 
machine.  The  special  function  of  the  Drawing  Frame  is 
to  lay  the  fibres  of  cotton  parallel  and  render  the  slivers 
of  equal  thickness  by  frequent  doubling.  The  shver  then 
passes  through  another  Drawing  Frame. 

The  sliver  then  passes  to  a  Slubbing  Frame.  This 
frame  receives  one  can  per  spindle  taken  from  the  Draw- 
ing Frame,  and  draws  the  sliver  by  three  rows  of  Rollers, 
producing  a  Roving  three,  four  or  five  times  finer  than 
received  from   the   Drawing   Frame.     The   Bobbins  from 
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this  Frame  are  put  into  the  creel  of  the  Intermediate 
Frame,  two  Bobbins  to  each  spindle,  and  the  drawing  and 
twisting  are  repeated ;  the  same  being  done  in  the  Roving 
Frame. 

The  spinning  into  yarn  from  the  Roving  Bobbin  is 
then  done  on  either  the  Ring  Spinning  Frame  or  the  Self- 
acting  Mule. 

The  Ring  Spinning  Frame. 

The  Roving  from  the  bobbins  taken  from  the  Roving 
Frame  passes  from  the  creel  through  three  lines  of  Rollers 
to  the  bobbins  which  are  placed  upon  and  held  firmly  by 
the  spindle.  The  revolutions  of  the  spindle  are  communi- 
cated to  the  yarn  through  the  traveller,  thus  putting  in 
the  Twist,  and  the  traveller,  combined  with  the  friction  of 
the  atmosphere,  creates  the  necessary  drag  to  wind  the 
yarn  tightly  on  the  bobbins. 

The  Self-acting  Mule. 

This  machine  takes  up  the  fibre  at  the  same  stage  as 
the  Ring  Spinning  Frame,  but  works  by  a  different  method. 
The  leading  peculiarity  of  the  mule  is,  that  while  the 
Roller  beams  and  Rollers  are  fixed  in  one  position,  the 
carriage  which  supports  the  spindles  has  a  backward  and 
forward  motion  to  and  from  the  Roller  Beam. 

The  spindles  are  placed  at  an  angle  to  the  base  line  of 
the  carriage,  inclining  towards  the  Rollers,  so  that  during 
the  drawing  out  of  the  carriage  when  the  yarn  is  receiving 
the  required  twist  from  the  rapid  revolution  of  the  spindles, 
the  yarn  may  slip  off  the  point  of  spindle,  and  no  winding 
take  place.  At  the  completion  of  the  outward  run  of  the 
carriage  certain  changes  are  made ;  the  motion  of  the 
Roller  ceases ;  the  spindles  then  revolve  in  the  opposite 
direction  to  their  first  motion,  thus  unwinding  the  spiral 
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coils  of  yarn  on  the  spindles  whilst  the  faller  wire  is  being 
depressed  to  the  proper  position  for  guiding  the  thread  on 
the  spindle.  The  carriage  then  begins  its  traverse  towards 
the  Rollers,  and  as  it  runs  in,  the  spindles  revolve  in  the 
same  direction  to  their  first  motion  and  wind  on  the  spun 
and  twisted  length  of  yarn. 

The  yarn  from  the  Ring  Frame  and  Self-acting  Mule 
is  then  reeled  from  the  Bobbin  or  Cop  in  the  form  of 
Hanks ;  it  is  then  knotted  and  made  into  bundles  for 
export. 


Jharia  Meeting. 

Held   on   Monday,    February    igth,    1917. 

An  Ordinary  General  Meeting  of  the  Mining  and  Geolo- 
gical Institute  of  India  was  held  at  the  Jharia  Club  on 
Monday,  the  19th  February,  1917,  at  9  a.m. 

Present : — Messrs.  R.  G.  M.  Bathgate,  President  (in  the  Chair*.  R. 
Barrowrnan.  W.  Beckett,  C.  Habberjam,  J.  S.  Kean,  G.  C.  Lathbury. 
C.  H.  McCale,  T.  C.  Murray.  R.  R.  Simpson.  B.  Starks  Field,  J.  J. 
Turnbull,  Thos.  Walsh,  and  E.  H.  Roberton  (Honorary  Secretary). 

Visitors: — Messrs.  L.  Diamond  and  J.  Preston. 

The  minutes  of  the  Extraordinary  General  Meeting 
held  at  Calcutta  on  the  26th  January,  1917,  were  read  and 
confirmed  as  a  special  resolution. 

Reading  and  Discussion  of  papers. 

(a)  The  discussion  on  Mr.  Glen  George's  paper  "  De- 

velopment of  deep  coal  areas  in  Bengal"  was 
closed. 

(b)  Mr.  E.  H.  Roberton's  paper  "Cementation  pro- 

cess of  shaft  sinking  ' '  was  discussed ,  and  fur- 
ther discussion  was  adjourned. 

(c)  In  the  absence  of  the  author,  Mr.  J.J.  Turnbull 

read  a  paper  on  ' '  Extraction  of  coal  pillars 
from  fiery  seams,  and  goaf-stowing  in  Indian 
mines"  by  Mr.  R.  H.  Husband,  which  was 
partially  discussed. 

(d)  In  the  absence  of  the  author,  Mr.  R.  R.  Simpson 

read  a  paper  entitled  "  Preliminary  note  on  the 
burning  of  coal  seams  at  the  outcrop"  by  Dr. 
E.  L-  Fermor. 


The  Extraction  of  Coal  Pillars  from 

"Fiery"  Seams,  and  Goaf  Stowing  in 

Indian  Mines. 

BY 

R.    H.    Husband. 

(With  3  Illustrations.) 

The  extraction  of  coal-pillars  or  that  important  branch 
of  underground  operations  known  as  working  "  brokens  " 
has  always  been  and  is  ever  likely  to  remain  a  subject  to 
claim  the  most  careful  attention  from  Colliery  Managers 
in  India,  the  thick  coal  seams  in  this  country  being  gener- 
ally considered  more  favourable  to  the  adoption  of  some 
form  of  ' ( pillar ' '  working  rather  than  to  the  application 
of  the  true  "  long  wall  "  system  of  extraction.  In  sub- 
mitting this  paper  for  the  kind  and  valued  consideration 
of  the  members  of  this  Institute  the  writer  does  not  aver 
that  it  contains  anything  either  new  or  original,  it  certainly 
does  not  contain  anything  startling,  his  only  aim  being  to 
offer  a  few  general  remarks  with  a  view  to  initiate  a  dis- 
cussion on  a  ver}'  important  question,  namely  :  In  any 
Indian  Coal  Mine  where  goaf  packing  either  complete  or 
partial  and  from  any  cause  whatever  has  to  be  resorted  to,  would 
it  not  be  much  safer ,  more  economical ,  and  therefore  generally 
more  in  keeping  with  the  ideals  of  modem  mining  practice  to 
take  out  the  pillars  soon  after  their  formation  and  adopt  what 
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is  technically  known  as  following  up  the  '  whole  '  with  the 
'  broken  '  rather  than  wait  until  the  boundary  is  reached 
before  extracting  the  pillars  ? 

All  mining  men  are  aware  that  the  great  object  aimed 
at  in  applying  the  "  pillar  "  system  to  win  out  a  field  of 
coal  is  to  extract  the  whole  of  the  coal,  or  at  any  rate  as 
large  a  percentage  as  possible  without  substituting  artifi- 
cial packs  and  pack- walls  for  the  coal  thus  extracted,  and 
in  order  to  achieve  this  desired  result  the  system  is  divided 
into  two  distinct  operations  and  worked  in  the  following 
numerical  order : — 

ist. — The    "   whole"    working  or    formation  of    the 

pillars. 
2nd. — The  "broken"    working  or  the  extraction  of 

the  pillars  formed  during  the  ist  or  "  whole  ' ' 

working. 

No  hard  and  fast  rule,  to  meet  all  cases,  can  be  laid 
down  to  determine  the  exact  size  of  pillar  to  be  left  for  the 
"broken"  working — usually  from  20%  to  25%  is  taken 
out  by  the  "whole"  drivings,  leaving  a  balance  of  from 
75  %  to  80  %  in  the  pillar  to  be  extracted  as  soon  as  circum- 
stances permit.  In  the  North  of  England  where  the  bord- 
and-pillar  method  is  much  in  vogue,  and  very  successfully 
worked,  it  is  the  usual  practice  to  follow  up  the  "whole" 
with  the  ' '  broken , ' '  leaving  only  such  pillars  as  may  be 
necessary  to  maintain  the  trunk  roads  for  haulage  and 
ventilation,  etc.,  under  prime  strata,  also  always  keeping 
about  2  or  3  rows  of  pillars  between  the  "  whole"  and 
"broken"  workings.  The  advantages  of  this  procedure 
are  generally  well  understood,  but  what  concerns  us  most 
here  is  that  the  difficult  conditions  under  which  coal 
seams  are  often  found  to   occur  in  this  country  prevent 
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any  such  immediate  extraction  being  made,  which,  of 
course,  is  a  great  disappointment  to  all  concerned  inas- 
much as  special  precautions  must  be  taken  to  guard 
against: — 

(a)  Undue    surface   subsidence   which    ma)'    cause   a 

heavy  influx  of  water  into  the  mine,  also 
damage  to  large  railway  works  and  important 
buildings,  etc. 

(b)  Gob-fires  originated  by  the  oxidation  of  combus- 

tible material  which  often  forms  an  integral 
part  of  the  fallen  roof. 

There  is  also  another  source  of  danger  which  may  not 
be  associated  with  the  "  broken  ' '  working  at  all,  i.e.  in  so 
far  as  its  origin  is  concerned,  namely,  spontaneous  combus- 
tion in  the  pillar  itself.  It  would  therefore  appear  that 
a  real  source  of  danger  exists  whichever  method  of  extrac- 
tion be  adopted,  unless  a  suitable  preventive  can  be 
applied. 

Preventive  measures. — Probably  the  best  preventive  to 
meet  all  requirements  is  the  complete  stowage  of  the  goaf, 
the  only  disadvantages  to  its  application  being  :  — 

(a)  the  absence  of    suitable  packing  material   at   or 

within  a  convenient  distance. from  the  mine; 

(b)  the  extra  cost  involved  in  the  operation  of  packing. 

In  the  first  instance  (a),  it  may  be  remembered  that 
wherever  we  have  surface  running  water  to  guard  against 
we  may  reasonably  expect  to  find  therein  a  sediment  suit- 
able for  underground  packing  purposes.  In  the  second 
instance  (b),  the  writer  is  of  the  opinion  that  the  packing 
can  be  used  in  such  a  way  as  to  effect  a  saving  under 
other  heads  of  working-costs  that  will,  in  very  many  cases, 
more  than  compensate  for  the  cost  of  packing.     In  short, 
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the  proposal  is,  simply,  to  adopt  the  "following  up' 
system  of  "  brokens  "  and  completely  pack  the  goaf  be- 
hind commencing  away  from  the  shaft  pillar.  If  goaf 
packing  as  a  preventive  can  be  successfully  adopted  after 
the  workings  have  reached  the  boundary ,  there  seems  to 
be  no  reason  why  it  should  not  be  applied  with  even  more 
success  if  commenced  at  the  shaft  end  of  the  mine. 

In  order  to  form  some  idea  ot  what  we  might  expect 
to  gain  or  lose  by  the  above  proposal  if  actually  put  in 
practice,  let  us  assume  a  taking  of  600  acres,  coal  to  be 
won  from  a  pair  of  shafts  situated  somewhat  centrally  in 
the  property ;  let  us  further  assume  that  the  coal  is  strong 
and  at  a  fairly  good  depth,  that  a  20  %  extraction  can  only 
be  made  in  the  "whole"  workings,  and  that  the  mine  in 
general  has  all  the  disadvantages  that  combine  to  merit  the 
term  "fiery."  First  let  us  assume  that  "brokens"  will 
not  be  commenced  until  the  boundary  is  reached,  after- 
wards we  will  consider  the  same  mine  with  the  "follow- 
ing up  ' '  system  in  vogue.  Having  completed  the  shaft 
equipment,  arranged  for  the  necessary  ventilation  and 
determined  the  size  and  shape  of  the  shaft-pillar,  etc.,  we 
next  come  to  the  consideration  of  size  for  the  ordinary 
pillars;  the  coal  being  strong,  the  question  of,  say, 
machine  mining  (punching  machines)  strongly  appeals  to 
us  as  the  best  means  of  pushing  the  ' '  whole  ' '  drivings 
away  quickly,  but  in  framing  an  estimate  we  find  that  the 
machines  can  only  be  profitably  worked  if  applied  to  a 
driving  of  a  certain  width,  that  is,  the  time  occupied  in 
flitting  the  machines  must  be  taken  into  account.  Now  to 
keep  to  the  same  per  cent  extraction  it  follows  that  for  a 
wide  driving  we  must  leave  a  correspondingly  large  pillar, 
but  bearing  in  mind  the  liability  of  the  coal  to  spontaneous 
combustion,  we  quickly  realize  that  the  bigger  the  pillar 
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the  greater  the  difficulty  in  getting  to  the  seat  of  fire  should 
the  occasion  arise ;  therefore,  erring  on  the  side  of  safety, 
we  at  once  abandon  the  idea  of  machine  mining,  and  resort 
to  smaller  pillars  and  narrower  drivings  with  hand  labour. 
Here  then   at  the  very  commencement  of  our  commercial 
undertaking  we  have  received  a  severe  check,  inasmuch  as 
we  have  been   obliged  to   adopt   a  narrow  driving  which 
every  mining  man  in  India  knows  to  be  ill-suited   to  the 
class  of  labour  available,   and  the  greatest  possible  hin- 
drance to  a  good  average  output  per  person   employed. 
Such   an   arrangement  is,  of  course,  not  what  we  should 
ordinarily  prefer,  but  it  is  probably  the  best  that  could  be 
done  under  very  abnormal  conditions  and  is  really  only  a 
compromise   between   conflicting   demands.     During    the 
period   occupied  in  driving  out  to  the  boundary  our  work- 
ing costs  have  been  slowly  but  surely  mounting  up.     For 
instance,  such  a  mine,  for  its  efficient  ventilation,  would 
probably  require  something  like  200,000  cubic  feet  of  air 
per  minute  per  6  feet  thickness  of  seam,  and  by  the  time 
the  boundary  was  reached  we  should  have  exposed— for 
the  exudation  of  occluded  gases  and  rubbing  surface  for 
the  ventilation— an  area  equal  to  about  20  million  sq.  feet. 
Hence  a  powerful  fan  with  its  duplicate  parts  would  have 
to  be  installed ;  this  plant  would  regularly  run  up  a  large 
coal  bill,  but  out  of  the  total  ventilation  produced  only 
about   35  °£   would  actually  be  required   at   the  working 
faces,    the    balance,    viz.    65%,   being    allowed    to    scale 
through  holes  in  the  stoppings  to  ventilate  pillars  that  are 
lying  idle.     Again,  every  hole  and  corner  of  these  back- 
bye  places  must  be  inspected  daily  and  kept  clean  and  in 
thorough  repair;  this  means  the  employment  of  a  large 
staff  of  labour  (wastemen)  for  this  purpose  alone.     Timber 
must  be  renewed  where  necessary,  and   every  place  not 
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undergoing  repairs  must  be  securely  fenced.     A  portion  of 
the  tram-lines  must  be  left  in  to  admit  of  these  repairs 
being  carried  out  satisfactorily.     It  may  not  be  considered 
prudent  to  take  out  and  carry  forward  the  brick  stoppings, 
as  these  may  be  required  at  any  time  to  check  or  divert 
the  air-current  in  case  of  fire ;  hence  extra  rows  of  stop- 
pings would  be  required  for  every  new  headway  won  out. 
We  foresee,  of  course,  the  danger   attending  an  outbreak 
of  fire  if  not  promptly  dealt  with,  hence  we  would  probably 
connect  a   series  of  small  diam.   water  pipes  either  to  the 
shaft  pump-column  or  to  the  rising-main  from  the  dips, 
whichever  would  be  the  handier  to  give  the  required  pres- 
sure, and  arrange  the  pipes  at  convenient  distances  to  quench 
fire  if  necessary.     To   summarize  the  above :     The  daily 
output   of  the  mine   would,   comparatively    speaking,   be 
very  low  and  would  contain  a  very  large   percentage  of 
small  coal.    We  have  probably  invested  a  large  sum  of  money 
in  a  ventilating  plant ,  65  °0  of  whose  duty  has  been  to 
supply  air  to  pillars  of  coal  lying  dormant,  thereby  possibly 
helping  to  set  them  on   fire.     The  owner,   of  course,  is 
minus  the  cost  of  the  coal  used  to  generate  steam  for  this 
fan.     A  heavy  bill  has  been  run  up  for  supervision  and 
labour  in  the  back-bye  places.     We  have  used  as  many 
bricks  and  as   much  lime   for  extra   stoppings  as  would 
otherwise  have  built  100  Indian  Miners'  Cottages  (reckoned 
at  one  two-roomed  house  with  verandah  for  every  50  stop- 
pings, 6^x7'  by  4V'  brick-work).     We  have,  moreover, 
used  as  much  timber  for  supports  and  fences  (in  obedience 
to  rule  7  of  the  Indian  Mines  Act,  1901)  as  would  probably 
have  kept  the  whole  effective  working  portion  of  the  mine 
going  for  roof  supports,  and  there  still  remain  the  initial 
cost  and  maintenance  of  the  water  pipes  to  be  allocated. 
In  brief,  the  mine-owner's  hand  has  never  been  out  of  his 
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pocket  since  sinking  operations  commenced,  and  over  and 
above  the  small  output  from  the  "whole  "  drivings  he  has 
not  received  a  single  extra  shovelful  of  coal  to  compensate 
for  this  outlay,  and  now  that  the  boundary  is  reached,  20  % 
of  his  coal  resources  have  gone  and  he  must  again  provide 
funds  for  whatever  the  packing  installation  is  going  to 
cost. 

So  much  then  for  the  principle  of  waiting  until  the 
boundary  is  reached  before  extracting  the  pillars.  Next 
we  will  consider  the  same  mine  commencing  ' '  brokens ' ' 
immediately  after  forming  the  shaft  pillar. 

Following  up  the  "  whole  ' '   with  the  "  broken  "  and  packing 
the  goaf  behind. 

To  begin  with ,  the  cost  per  ton  packing  per  ton  coal 

extracted  will  be  reduced  in  the  ratio  of  5  to  4.     So  far  as 

pit-room  is  required  the  daily  output  of  the  mine  will  be 

capable   of  a   300%   increase;   thus,   if  we  can  command 

sufficient  labour,  the  mine-owner  will  get  a  quick  return 

for  the  heavy  expenditure  on  sinking  and  equipment  of 

the  shafts.     All  standing  charges  against  the  colliery  can 

now  be  divided  by  4,  80  %  of  this  increased  output  will 

yield  a  greater  percentage  of  round  (large)  coal  at  a  reduced 

cutting  price.     The  same  restrictions  regarding  small  pillars 

and  narrow  drivings  now  no  longer  hold,  hence  we  may 

reasonably  expect  to  obtain  a  better  average  ton-per-man 

from  the  "  whole  "  drivings.     We  are  also  now  in  a  better 

position    to   prepare  the  mine  for  fluctuations  in  labour 

attendances   (an  important  point  in  India),  provided,  of 

course,  that  the  full  complement  of  hewers  are  always  kept 

in  the  "  whole  "  workings  so  that  the  extra  pillars  formed 

during  slack  times  will  enable  a  second  "  broken  ' '  district 

to  be  opened  out  and  worked  back  simultaneously  at  the 
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same  angle  of  goaf-line  as  the  preceding  one  during  periods 
of  a  rush  in  labour  attendance. 

Over  and  above  the  cost  of  completely  stowing  the 
goaf,  which  we  should  have  to  meet  in  any  case,  there  are 
now  no  standing  charges  against  back-bye  places ;  thus  a 
saving  would  be  effected  on  tram  rails,  sleepers,  roof  sup- 
ports, bricks,  lime,  fences,  water-pipes  and  fittings,  labour 
and  supervision.  There  are  no  pillars  lying  dormant,  each 
one  being,  or  ready  to  become,  a  real  working  unit.  A  little 
more  ventilation  would  be  required  at  the  faces  on  account 
of  the  extra  number  of  working  places  and  workmen,  but 
there  is  now  no  need  for  any  short-circuiting  of  the  air- 
current  through  regulator-stoppings,  and  it  may  be  no  ex- 
aggeration to  say  that  the  mine  generally  would  be  much 
cooler,  more  pleasant  all  round  and  better  ventilated  at  hah 
the  previous  cost,  and  the  air- ways  would  certainly  be  much 
easier  to  inspect  and  keep  in  thorough  working  order.  We 
have  settled  once  and  for  all  the  question  of  gob-fires.  No 
sources  of  gas  are  left  behind  in  the  goaf  and  we  have  re- 
duced the  chances  of  spontaneous  combustion  in  the  pillars 
to  a  minimum. 

Systems  of  Pac'tin^. — The  hydraulic  and  hand-stowing 
systems  of  packing  the  goaf  have  already  been  ably  dealt 
with  in  papers  recently  read  before  the  Institute.  As, 
however,  we  are  now  dealing  with  deep  seams  there  may- 
be one  or  two  points  of  comparison  worth  a  little  further 
consideration  For  really  good  close  packing  there  is  not 
the  slightest  doubt  that  the  hydraulic  is  the  better  system, 
especially  for  India,  inasmuch  as  it  does  not  rely  so  much 
for  its  efficiency  on  the  human  equation ;  also  the  cost 
in  a  shallow  mine  will  generally  be  less  than  for  hand- 
stowing.  Another  point  in  favour  of  this  system  is  that 
the  horizontal  distance  for  flushing  is  in  direct  ratio  to  the 
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vertical  head  ;  on  the  other  hand  the  cost  per  fathom  for 
boring  and  the  wear  and  tear  on  the  flushing  pipes  will 
increase — the  latter  will  probably  be  very  heavy — with  the 
depth.  The  goaf  in  a  deep  mine  may  not  require  to  be 
stowed  so  closely  to  have  the  same  relative  effect  on  sur- 
face subsidence  as  a  more  tightly  packed  goaf  in  a  shallow 
mine.  From  this  it  would  appear  that,  other  things  being 
equal,  the  balance  in  favour  of  hand-stowing  increases  with 
the  depth ;  thus,  by  adopting  the  latter  method  under  the 
assumed  conditions  as  to  gradient  shown  on  the  sketches, 
a  saving  in  power  for  winding  and  hauling  would  un- 
doubtedly be  effected  if  the  hauling  arrangements  could  be 
laid  out  to  take  advantage  of  the  ingoing  heavier  material 
to  counter-balance  the  coal  being  hauled  out- bye.  Also 
this  gradient,  viz.  i  in  9,  might  admit  of  the  trams — if  those 
are  of  the  side-tipping  or  other  special  type — loaded  with 
packing  material  being  taken  right  up  to  the  coal  face,  thus 
dispensing  with  the  erection  of  mechanical  tipplers  and 
obviating  hindrance  to  traffic  due  to  the  trams  having  to 
be  unloaded  by  hand  at  the  flats  or  landings.  Another  ad- 
vantage of  hand-stowing  is  that,  in  the  case  of  a  tender  roof 
that  cannot  be  carried  far  on  timber,  the  packing  can  be 
followed  up  simultaneously  with  the  advance  of  the  work- 
ing faces  in  the  wide  bord-ways  lifts ;  less  timber  for  roof 
supports  would  then  be  required  and  the  delicate  operation 
of  extracting  the  closing  coal  stocks,  and  afterwards  the 
withdrawal  of  timber,  would  be  rendered  much  more 
simple  and  safe  for  the  generally  inexperienced  Indian 
miner.  It  will  be  clear  to  any  one  who  is  experienced  in 
the  hand-stowing  of  goaves,  or  who  has  even  given  the 
question  a  thought,  that  unless  the  seam  or  seams  wherein 
the  system  be  adopted  happens  to  be  all  on  "  brokens," 
an  extra  number  of  trams  and  sidings  will  invariably  be 
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necessary;  also,  if  the  trams  have  only  been  designed  to 
carry  a  given  weight  of  coal,  an  equal  bulk  of  packing 
material  cannot  be  sent  into  the  mine  unless  some  of  the 
trams  are  returned  from  the  mine  empty.  This  is  rather 
an  important  point,  because,  in  practice,  we  not  only  have 
the  cavity  formed  by  the  ' '  broken  ' '  workings  to  fill  up 
but  that  of  the  "  whole  "  workings  as  well.  If,  however, 
a  very  small  percentage  of  coal  has  been  extracted  in 
the  "  whole  '  drivings  the  little  extra  space  may  not 
be  felt  very  much,  since  in  any  case  we  should  never 
be  able  to  replace  the  coal  in  situ  by  an,v  equal  bulk  of 
packing  material,  but  where  very  wide  places  have  pre- 
viously been  driven  the  difference  becomes  appreciable. 
In  order  to  overcome  this  difficulty  and  for  purposes  men- 
tioned later,  the  writer  is  of  opinion  that  it  would  gen- 
erally pay  better  to  have  the  trams  made  slightly  larger 
and  strong  enough  to  carry  just  a  little  more  packing 
material  than  coal.  Self-action  in  hauling  and  fewer  trips 
for  the  trams  to  the  repairing  shop,  are  points  well  worth 
aiming  at.  Another  peculiarity  about  hand-stowing  is 
that  in  addition  to  the  "tub  cleaners  out"  usually  sta- 
tioned at  the  surface  we  should  require  one  or  two  in  every 
packing  district  in  the  mine,  and  strict  supervision,  especi- 
ally during  the  monsoon  season,  becomes  necessary.  A 
very  simple  arithmetical  calculation  will  reveal  the  neces- 
sity for  this  otherwise  apparently  insignificant  operation 
during  the  rainy  months.  Take,  say,  a  colliery  drawing 
the  modest  output  of  400  tons  per  day  (10  cwt.  tubs)  and 
the  labour  paid  on  tram  price ;  if  wet  and  caked  material 
equal  in  bulk  to  10  lb.  of  coal  be  left  adhering  to  the  corners 
of  each  tram  then,  assuming  the  selling  price  of  coal  to  be 
Rs  4  per  ton  at  pit's  mouth,  at  the  end  of  3  months  (78 
working  days)  the  owner  will  have  lost  Rs.  1,120  (nearly), 
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besides  paying  the  cost  for  getting  and  stowing  about 
300  tons  of  material  that  had  really  never  been  packed, 
also  for  providing  energy  to  haul  this  stuff  unnecessarily 
about  the  mine.  It  may  not  be  to  the  interest  of  the 
labour  to  see  that  the  trams  are  properly  cleaned  out,  but 
it  is  of  vital  importance  to  the  owner  and  to  the  general 
welfare  of  the  concern  that  attention  should  be  given,  espe- 
cially by  the  subordinate  staff,  to  this  simple  operation. 

Coal-dust  an  explosive  agent. 

So  far  we  have  considered  only  the  dangers  arising 
from  surface  subsidence  and  gob-fires,  etc. ;  but  in  a  deep 
Indian  coal  mine,  where  the  natural  temperature  of  the 
strata  will  be  high  and  the  drying-power  of  the  air-current 
enormous,  we  cannot  afford  to  overlook  precautions  neces- 
sary to  guard  against  the  possibility  of  a  coal-dust  explo- 
sion. Generally  speaking,  the  finest  and  therefore  the 
most  dangerous  dust-particles  are  to  be  found  at  or  near 
the  working  faces,  whilst  the  largest  accumulations  occur 
on  the  main  haulage  roads  ;  and,  since  the  latter  are  nearly 
always  used  as  main  in- take  airways,  it  stands  to  reason 
that  these  accumulations  of  fine  coal-dust  are  rendered  all 
the  more  dangerous  on  account  of  the  favourable  position 
taken  up  for  obtaining  the  fullest  effect  of  the  drying- 
power  of  the  current  and  the  absorption  of  oxygen  freely 
supplied  by  the  fresh  incoming  air.  In  this  connection  it 
is  probably  only  when  we  remember  the  great  affinity  that 
oxygen  has  for  hydro- carbons,  also  when  it  is  considered 
that  a  single  cubic  foot  of  coal  weighing  80  lb.  (in  the 
solid),  when  crushed  into  fine  particles  having  an  average 
diameter  of  i/io,oooth  part  of  an  inch  and  floated  as  a 
cloud  in  the  air,  offers  an  absorbing  surface  of  80,000  sq. 
yds.,   or  equal  in  a  6  ft.  seam  to  a  solid  "  longwall  "  face 
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over  20  miles  in  length ,  do  we  realize  the  latent  danger  in 
our  enemy  coal  dust.  It  has  been  abundantly  proved  by 
experts  that  the  only  reliable  remedy  against  the  coal-dust 
peril  is  the  application  of  stone-dust.  We  have,  it  would 
seem,  a  great  deal  yet  to  learn  from  the  experts  as  to  the 
required  composition  and  physical  condition,  its  specific 
heat- absorbing  power,  state  of  division  and  so  forth,  of 
the  stone- dust  if  the  latter  is  to  be  used  successfully  as  a 
flame-quencher  against  the  many  varieties  of  coal-dust 
and  without  injury  in  any  way  to  the  respirator}-  organs 
of  persons  who  may  have  to  inhale  it ;  but  whatever  the 
variety  of  stone-dust  selected,  its  efficiency  as  a  dilutant 
must  depend  on  the  thoroughness  of  distribution,  and 
whatever  mechanical  or  artificial  means  be  employed  to 
assist  the  one  and  prevent  the  other,  the  same  aerodynamic 
power  which  cannot  be  excelled  as  a  distributor  of  the 
coal-dust  (for  evil)  must  be  taken  advantage  of  to  the  full- 
est extent  in  the  distribution  of  the  stone-dust  (for  good). 

The  automatic  distribution  of  stone-dust  by  the  air-current. 

We  are  all  familiar  with  the  part  played  by  the  air- 
current  in  selecting  the  fine  dust-particles  from  the  loaded 
coal  trams  during  their  outward  journey  to  the  shaft  and 
depositing  them  on  the  floor,  ragged  edges  of  the  sides  and 
roof  supports  of  the  engine-planes.  It  is  therefore  quite 
possible  that  in  adopting  the  hand-stowing  system  of 
packing  we  have  incidentally  at  command  one  of  the  best 
weapons  of  defence  against  a  devastating  coal-dust  explo- 
sion. Nearly  ever}"  alternate  tram,  or  set  of  trams,  run 
along  the  planes  would  be  loaded  with  packing  material, 
and  if  every  such  tram  could  be  topped  off  with  a  shovel- 
ful of  flue-dust  or  very  fine  stone-dust  of  a  suitable  variety 
and    angle    of    repose,   the   air-current — provided    that    it 
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were  given  the  chance — would  select  the  finest  particles, 
carry  them  along  the  same  undefinable  paths  and  deposit 
them  in  the  self-same  trenches  in  which  it  had  compelled 
the  coal-dust  to  shelter.  The  stone-dust,  in  order  to 
achieve  its  object,  must  not  be  hampered  by  inferiority  in 
both  quality  and  quantity,  though  in  this,  as  in  many 
other  matters,  extra  numbers  may  compensate  for  a  little 
weakness  in  other  directions  (here  as  will  be  understood 
we  can  only  deal  with  quantity).  This  brings  us  to 
another  rather  important  point  in  connection  with  the  flota- 
tion of  the  two  combatant  dusts.  It  is  not  always  possible 
or  even  desirable  to  use  the  up-cast  as  a  winding  pit.  When 
it  comes  to  a  question  of  choice,  preference  (for  many  good 
reasons)  is  usually  given  to  the  down-cast  shaft  for  wind- 
ing operations ;  consequently  it  is  then  more  convenient,  as 
already  mentioned,  to  use  the  engine-planes  as  main  intake 
air-ways.  'I  he  effect  of  this  is  that  the  coal-set  has  to  be 
hauled  out-bye  against  a  head-current,  with  the  result  that 
more  dust  is  likely  to  be  carried  off  the  coal  trams  than 
off  the  stone  trams.  This  inequality  in  distribution  will  be 
very  marked  in  the  case  of  a  high  speed  haulage  whether 
direct  or  by  M.  and  T.  rope.  The  further  advantage  of  the 
previously  proposed  slightly  larger  and  stronger  trams,  to 
expose  the  stone-dust  tc.  and  shelter  the  coal-dust  from,  the 
air-current  will  now  be  apparent.  If  a  slow-speed  haulage 
be  adopted,  it  would  be  an  easy  matter  to  leave  a  few  small 
drop  joints  (avoiding  such  excess  as  would  cause  derailment) 
on  the  ingoing  tramline,  the  idea  being  to  help  to  agitate  the 
stone-dust  and  assist  what  might  be  termed  this  selective 
property  of  the  air-current.  Needless  to  say  the  line  for  the 
outcoming  coal  would  be  perfectly  jointed,  to  insure  the 
smooth  and  easy  running  of  the  trams  and  prevent  any  jolt- 
ing of  the  coal  during  transit.     During  the  ingoing  journey  a 
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good  deal  of  fine  stone-dust  will  have  been  formed  in  the 
trams  owing  to  vibration,  so  that  when  they  reach,  and  are 
tipped  at,  the  working  faces  the  air-current,  which  here  more 
nearly  approaches  the  regime  of  uniform  flow,  will  have  a 
much  larger  stock  of  stone-dust  than  of  coal-dust  to  choose 
from  ;  onh"  the  very  finest  particles  will  be  selected  and 
deposited  in  precisely  the  same  way  as  the  coal-dust,  and 
thus  every  fine  layer  of  the  latter,  be  it  on  the  engine-planes, 
or  on  the  roadways  leading  to  the  working  places,  will  be 
covered  by  a  following  deposit  of  stone-dust  and,  in  the 
event  of  any  temporary  reversal  of  the  air- cur  rent — as  by 
a  blown-out  or  over-charged  shot,  causing  the  dust  mixture 
to  be  raised  and  floated  as  a  cloud  in  the  air — -the  stone-dust 
will  present  a  superior  cooling  surface  to  the  impending 
over-heated  atmosphere  and  thus  defeat  the  enemy  on  his 
own  battle-ground. 

Conclusion. — In  the  bord-and-pillar  system  of  working, 
the  bulk  of  the  mine  output  will  have  to  come  from  the 
"broken"  places;  therefore,  in  seeking  for  any  improve- 
ment in  output  and  working  cost,  our  attention  naturally 
turns  towards  these  operations.  It  also  goes  without 
saying  that,  wherever  we  have  to  substitute  packing  for 
every  ton  of  coal  extracted  from  the  mine,  unless  the  full- 
est advantage  be  taken  of  the  opportunities  afforded  to 
counterbalance  the  extra  cost  involved  in  the  operation  of 
packing,  we  are,  comparatively  speaking,  going  to  be  at  a 
great  disadvantage  in  the  market.  A  glance,  for  compari- 
son, at  sketches  Nos.  2  and  3,  together  with  the  few  follow- 
ing explanatory  notes,  will  probably  suffice  to  illustrate  the 
greater  possibilities  of  success,  held  by  one  system  than  by 
the  other,  which,  throughout  this  paper,  the  writer  has 
endeavoured  to  demonstrate.  The  general  position  depicted 
in   Plate  2  is,   in   the  writer's   opinion,  indicative  of  no- 
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thing  but  trouble  and  expense  to  all  concerned ;  in  the 
other  instance  (Plate  3)  the  owner  will  probably  receive  the 
best  possible  financial  results  from  his  investment.  At  the 
same  time  the  Colliery  Manager  and  his  staff  are  in  a 
better  position  to  handle  from  3  to  4  times  the  output  with 
very  little  more  trouble  but  considerably  less  anxiety,  but 
the  greatest  advantage  of  all  would  be  the  greater  attrac- 
tion in  lighter  work,  better  ventilation  and  the  greater 
immunity  from  risk  to  life  and  limb,  afforded  to  the  labour 
employed  in  the  extraction  of  coal  pillars  from  fiery  seams. 


APPENDIX. 

Explanatory  Notes  on  Sketches. 

Note :— The  hand-stowing  system  of  packing  the  goaf 

is  assumed. 

Plate  1  is  a  skeleton  plan  showing  proposed  position  and 
course  of  the  main-engine-planes  and  airways  to  traverse 
and  divide  an  area  of  600  acres  into  eight  ventilating  dis- 
tricts. 

The  chief  points  aimed  at  are  : — 

(a)  To   obtain    the    largest    amount   of   ventilation 

from  any  given  expenditure  on  power  and  to 
ensure  each  district  being  supplied  with  a 
separate  current  of  fresh  air. 

(b)  Crosscutting  the  drivings  at  an  angle  of  450  to 

the  full  dip  of  the  seam  in  order  to  maintain 
an  easy  uniform  gradient  right  from  the  shaft 
to  the  working  faces  and  to  obtain,  as  far  as 
practicable,  a  perfectly  balanced  endless-rope 
hauling  arrangement. 


1918.]      COAL    EXTRACTION   FROM   "FIERY"    SEAMS.  45 

Plate  2  shows  one  of  the  above-mentioned  eight  dis- 
tricts as  it  would  appear  if  worked  on  the  principle  of 
waiting  until  the  boundary  is  reached  before  extracting  the 
pillars. 

Plate  3  shows  the  same  district  as  Plate  2,  but  with 
the  "  following  up  ' '  system  of  ' '  brokens  ' '  in  vogue.  This 
district  is  also  shown  hatched  on  the  skeleton  plan  (Plate  i). 

Ventilation. — As  will  be  noted,  the  "whole'  and 
"broken"  workings  are  shown  ventilated  separately  by 
sub-splitting  the  district  air-current.  The  necessity  for 
this  procedure  would  of  course  depend  chiefly  on  the  quan- 
tity of  fire-damp  being  given  off  and  the  extent  to  which 
blasting  operations  in  the  "whole"  workings  are  contem- 
plated. 

Auxiliary  Haulage. — One  portable  electric  io  H.P. 
hauling  gear  with  M.  and  T.  drums  (position  as  per  sketch) 
would  deal  with  the  output  from  every  pair  of  "  broken" 
districts.  All  "  broken  "  flats  (except  the  one  for  the  west 
side  row  of  pillars  supporting  the  auxiliary  haulage  road) 
would  be  kept  right  up  to  the  working  faces,  thus  dispensing 
with  carriers  for  either  coal  or  packing  material.  The  main 
endless  rope  to  be  used  as  a  drive  for  a  small  single  rope 
haulage  from  the  ' '  whole  ' '  districts. 
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Summary  of  particulars  and  estimated  output,  for 
comparison ,  between  the  two  systems  of  working. 


Particulars. 

As  per 
Plate  2. 

As  per 
Plate  3. 

%  of  Coal  extracted   in   the    "whole"   or 

ist  working 

20-0% 

20-05% 

Size  of  pillars 

8o'  x  44' 

120'  x  88' 

Width  of  bords 

6' 

15' 

,,        .,  headways 

6' 

8-25' 

No.    of    hewers    in     "  whole "     including 

winnings 

304 

216 

Ditto.                   '-'.brokens" 

nil. 

512 

No.    of    hewers   in   seam   per    shift    of   8 

hours 

304 

728 

Total   number  of  hewers  per  day   of  two 

8-hour  shifts 

608 

1456 

Estimated    average    output   per    man   per 

shift  of  8  hours  from  "  wholes  " 

•75  tons 

ro  tons 

Ditto.         Ditto.               "  brokens "  . . 

nil. 

1*5  tons 

Allowing    20%  of   places  to    be  idle   from 

various  causes.      Grand  total  output  per 

day  of  two  8-hour  shifts  from  seam 

368  tons 

i>575  tons 

DISCUSSION. 

Mr.  C.  Habberjam  : — Coming  at  a  time  like  the  present 
when  the  speeding  up  of  coal  output  from  mines  is  of 
national  importance,  Mr.  Husband's  paper  is  worthy  of 
the  closest  investigation. 

There  is  a  small  item  on  page  35  of  the  paper  which 
might  be  explained.  It  was  considered  very  unwise  in 
English  practice  to  use  water  at  all  in  dealing  with  gob 
fires  on  account  of  the  relative  ease  with  which  water  was 
split  up  into  its  original  elements  by  fire ;  these  elements 
in  combination  with  others  near  the  seat  of  the  fire  tending 
to  produce  explosive  mixtures  which  may  give  disastrous 
consequences.     Personally,  I  knew  of  two  mines  where  the 
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method  of  ' '  digging  out ' '  the  fire  was  always  resorted  to 
on  account  of  the  foregoing. 

On  pagejj the  author  makes  the  very  conclusive  state- 
ment, "We  have  settled  once  and  for  all  the  question  of 
gob  fires. ' '  Again  English  practice  provides  many  examples 
of  completely  stowed  mines  which  are  still  subject  to  gob 
fires.  Granted  that  the  whole  of  the  packing  material  is  of 
the  least  combustible  nature,  that  the  goaf  is  completely 
stowed  (a  most  difficult  thing  to  do),  and  that  the  roof  and 
floor  do  not  contain  thin  seams  of  coal  or  other  carbona- 
ceous matter,  the  gob  fires  may  be  reduced  to  the  minimum. 

On  page  38  the  author  mentions  that  " a  saving 

in  power  for  winding  and  hauling  would  undoubtedly  be 
effected  if  the  hauling  arrangements  could  be  laid  out  to 
take  advantage  of  the  ingoing  heavier  material  to  counter- 
balance the  coal  being  hauled  out-bye." 

The  economy  in  hauling  and  winding  claimed  by  the 
author  is  not  obvious,  and  it  would  be  perhaps  useful  to 
consider  this  point  in  detail  as  having  an  important  effect 
on  the  cost  of  transport. 

For  the  sake  of  cleanness  take  the  following  facts: — 

(a)  Coal  weighs  approximately  80  lb .  per  cubic  foot  in 

the  solid  condition. 

(b)  Coal  in  the  broken  condition  weighs  roughly  about 

half  as  much  as  coal  in  the  solid. 

(c)  Sandstone   (a  probable  packing  material)   weighs 

about  150  lb.  per  cubic  foot  in  the  solid  condi- 
tion. 

(d)  Sandstone  in  the  broken  condition  weighs  roughly 

about  half  as  much  as  sandstone  in  the  solid 
condition. 
The  foregoing  will  explain  that  for  every  cub.  foot  of 
coal  taken  from  the  solid  if  the  whole  space  is  required 
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to  be  packed,  a  cubic  foot  of  broken  material  will  have  to 
be  brought  in ;  or  in  other  words  for  every  80  lb.  of  solid 
coal  extracted  75  lb.  of  broken  sandstone  must  be  brought 
in.  Really  rather  less  than  the  foregoing  quantity  of 
packing  material  would  be  required ,  as  haulage  roads,  etc., 
would  not  be  packed. 

The  author,  from  the  statement  on  page  41 ,  viz.  " 

nearly  every  alternative  tram  or  set  of  trams  run  along  the 

planes   would  be   loaded    with   packing   material ' 

clearly  understands  the  above,  and  also  the  fact  that  for 
every  tram  of  broken  coal  brought  along  the  haulage  roads 
half  a  tram  or  nearly  so  of  packing  material  must  be  taken 
in-bye. 

As  affecting  the  economy,  the  first  apparent  fact  is 
that  double  the  weight  of  materials  must  be  handled  in  the 
winding  and  haulages,  and  if  balancing  was  to  be  made 
effective  for  the  sake  of  economy  it  would  surely  be  better 
to  load  each  ingoing  tram  rather  less  than  half  full  than  to 
have  any  intermittent  system  of  one  tram  loaded  with 
packing  material  and  one  empty,  or  alternate  sets ,  and  from 
this  the  benefits  of  the  ingoing  packing  as  a  preventive 
measure  regarding  coal  dust  is  at  least  greatly  reduced. 

Xow  consider  the  effects  of  the  half  tram  of  packing 
material  against  each  tram  of  coal,  and  of  the  double  load 
mentioned  above  on  the  winding  and  haulages.  In  the 
winding,  the  load  in  both  cages  being  nearly  equal,  a  large 
economy  of  power  would  be  effected,  especially  where 
mechanical  balancing  was  adopted.  The  state  of  fatigue 
in  ropes,  chains,  etc.  would  be  more  quickly  induced,  and, 
unless  care  was  taken  to  arrange  the  gradients  at  the  pit 
bank,  more  men  would  be  required  to  handle  the  materials 
than  would  be  the  case  at  mines  where  this  method  of 
packing  was  not  used.     At  the  bottom  of  the  shaft  more 
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men  would  be  required  unless  the  haulages  were  much  more 
elaborate  than  seems  usual  in  India.  With  an  intermittent 
system  of  running  packing,  heavier  ropes,  chains,  etc., 
would  be  required.  On  endless  rope  systems,  with  a  half 
tub  of  packing  against  every  tub  of  coal ,  the  conditions  are 
considerably  changed;  in  places  where  jigs  were  used  it  is 
most  probable  that  an  engine  would  be  required  and  cer- 
tainly heavier  ropes  and  chains  must  be  used.  On  dip 
endless  haulages  power  would  be  required.  Perhaps 
economy  might  be  realized  by  compounding  the  rise  with 
dip  haulage.  Endless  haulage  on  the  level  would  require 
much  more  power. 

It  is  seen  from  the  above  that  if  an  intermittent  system 
of  running  packing  were  adopted,  engines  would  be  required 
at  both  rise  and  dip  haulages.  It  is  perhaps  needless  to 
show  the  changed  conditions  on  other  haulages,  and  the 
maximum  adverse  conditions  are  realized  at  all  points 
where  manual  labour  is  necessary. 

The  above  remarks  should  not  be  read  as  destructive 
criticism ;  it  would  be  possible  to  expand  them  to  con- 
siderable length,  and  it  therefore  appears  possible  that  the 
author  may  have  more  to  say  on  this  rather  important 
matter. 

Mr.  B.  Starks  Field : — It  is  a  great  pity  Mr.  Husband 
has  not  been  able  to  give  us  his  actual  experience  of  the 
method  he  suggests.  From  what  I  see  in  this  paper,  it  is 
purely  supposition,  and  not  the  result  of  practical  experi- 
ence. 


Preliminary  Note  on  the  Burning  of  Coal 
Seams  at  the  Outcrop. 

BY 

L.   Leigh   Fermor,    D.Sc,   A.R.S.M.,    F.O.S. 

In  my  account  of  the  geology  and  coal  resources  of 
Korea  State  in  the  Central  Provinces  '  occurs  the  following 
account  of  a  very  puzzling  series  of  '  volcanic  rocks  of  un- 
certain age  provisionally  designated  the  Chirmiri  volcanic 
series '  : — 

"  About  a  quarter  of  a  mile  north-east  of  the  most  easterly  hamlet 

.         .  of  Chirmiri  village  on  the  road  to  Kurasia. 

Chirniin  Volcanic  Series. 

there  is  an  outcrop  of  a  curious  volcanic  rock 

traceable  at  intervals  in  a  north-north-westerly  and  southerly  direction 

for  about  three  quarters  of  a  mile.     It  is  a  vesicular  rock  apparently 

approximating  to  an  audesite  in  composition  :  and  from  its  vesicular 

nature  one  would  deduce  it  to  be  a  surface  lava.     Its  linear  distribution, 

however,  suggests  a  dyke,  and  this  supposition  agrees  with  the  fact  that 

associated  with  it  are  included  fragments  of   Barakar  sandstones  and 

shales.     There  are  also  admixtures  of  the  two  rocks,  in  which  grains  of 

detrital   quartz  are  scattered  through  an   andesitic   matrix,   whilst  in 

addition  there  are  banded  hornstone-like  masses  of   rock   suggesting 

shales  indurated  by  heat.     All  the  facts  mentioned  above,  except  the 

vesicular  structure,  point  to  an  intrusive  character  ;  but  at  one  point, 

where   a  stream  cuts  across  the  line  of  outcrop  of  these  vesicular  lavas 

and  associated  altered  sediments,  it  is  found   that  these  curious  rocks 

l   Memoirs  Geol.  Surv.  Ind.,  XLI,  pp.  [58-160  (1914). 
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do  not  continue  in  depth,  typical  massive  Barakar  sandstone  being  at 
once  exposed.  The  evidence  of  the  stream  suggests  a  superficial  distri- 
bution for  the  lavas.  This  agrees  with  the  vesicular  and,  sometimes, 
almost  pumiceous  character  of  the  lava  and  conflicts  with  its  linear 
distribution  and  the  altered  character  of  the  immediately  associated 
sediments.  In  the  short  time  at  my  disposal,  I  examined  all  the  evi- 
dence that  was  immediately  available,  but  was  unable  to  reconcile  the 
conflicting  evidence  with  either  hypothesis.  Under  the  microscope  the 
rock  is  seen  to  show  extremely  numerous  felspar  microlites  in  a  color- 
less to  black  glassy  matrix,  often  vesicular.  In  the  most  coarsely  crys- 
talline variety,  the  laths  are  found  to  be  labradorite  with  an  extinction 
of  390  referred  to  the  albite  twinning.  They  are  set  in  a  glassy  matrix 
containing  skeleton  magnetites,  but  no  augite.  The  rock  seems,  there- 
fore, to  be  an  unusual  variety  of  andesite,  corresponding  in  composition 
to  the  groundmass  of  typical  andesites,  the  ferromagnesian  silicates 
being  absent. 

In  the  Kaoria  Nala  and  its  tributaries,  I  found  several  other  ob- 
scure occurrences  of  this  series  of  vesicular  lavas  and  included  sediments, 
usually  in  the  form  of  loose  blocks  ;  but  for  want  of  time  I  was  unable 
to  track  the  fragments  to  their  respective  sources  and  thereby  possibly 
obtain  the  key  to  the  solution  of  the  problem. 

It  must  be  noticed  that  if  we  ascribe  a  superficial  origin  to  these 
rocks  we  are  confronted  with  one  of  two  alternatives.  Either  the  lavas 
were  extruded  during  the  course  of  deposition  of  the  Barakar  sandstones 
at  a  fairly  low  horizon  in  the  series,  or  they  were  erupted  in  recent 
times  after  denudation  had  cut  down  the  Barakars  to  their  present 
level.  So  far  as  I  am  aware,  there  is  no  evidence  of  volcanic  activity 
anywhere  in  India  in  the  whole  of  the  Gondwana  period  until  Rajmahal 
time,  nor  does  the  alternative  of  a  recent  age  seem  in  the  least  degree 
possible.  If  we  adopt  the  hypothesis  that  these  rocks,  in  spite  of  in- 
consistencies, are  intrusive,  then  we  are  provided  with  a  possible  source 
in  the  volcanic  intrusions  of  Deccan  Trap  age,  of  which,  as  already  re- 
lated, there  is  abundant  evidence  in  the  form  of  the  doleritic  sill  and 
dykes.  It  is  true  that  the  Chirmiri  rocks  are  of  andesitic  not  doleritic 
composition,  but  this  is  not  a  serious  objection,  and  it  ma}'  be  that  the 
glassy  matrix  if  crystallized  would  have  yielded  augite.  For  the  present, 
therefore,  I  am  inclined  to  adopt  the  hypothesis  that  the  Chirmiri  vol- 
canic rocks  are  of  intrusive  rather  than  of  extrusive  origin  and  possibly 
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of  Deccan  Trap  age,  although  there  is  no  direct  evidence  of  this.  The 
facts  against  this  hypothesis,  namely  the  vesicular  nature  of  the  rock 
and  its  failure  to  extend  in  depth  where  the  stream  cuts  across  its  out- 
crop, are  not  insurmountable  difficulties,  and  may  be  explained  at  some 
future  period  when  it  is  possible  to  make  a  careful  investigation  of  this 
problem." 

An  opportunity  of  solving  this  problem  arose  early  in 
1916,  when  I  was  deputed  to  carry  out  an  economic  inves- 
tigation of  a  portion  of  the  Bokaro  coalfield.  Soon  after 
my  arrival  I  walked  over  the  E.I.R.  and  B.N.R.  Joint 
Colliery  with  a  map  by  Mr.  G.  C.  Lathbury  in  my  hand, 
and  found  to  my  surprise  that  rock  mapped  by  him  as 
the  burnt  outcrop  of  the  Kargali  seam  of  coal  was  identi- 
cal in  appearance  with  my  Chirmiri  series.  On  discussing 
the  matter  with  Mr.  Lathbury  I  learned  that,  while  pros- 
pecting this  property  preparatory  to  laying  it  out  as  a  col- 
liery, he  had  sunk  a  series  of  shallow  boreholes,  some  of 
which  seemed  to  prove  that  the  supposed  burnt-outcrop 
rock  gave  place  to  coal  at  the  water-level. 

On  continuing  the  mapping  of  the  field  to  the  west  of 
the  Joint  Colliery,  I  soon  found  many  other  outcrops  of 
these  scoriaceous  rocks,  particularly  in  the  villages  of 
Bermo,  Sawang,  and  Gobindpur.  The  Sawang  outcrops 
are  linear  and  agree  in  alignment  with  the  general  strike 
of  the  Barakar  series  in  this  neighbourhood.  That  they 
correspond  to  coal  seams  I  proved  to  my  satisfaction 
by  drilling  on  one  of  the  outcrops  in  Sawang.1  It  is 
interesting  to  note  that  with  the  position  selected  for  this 
boring  the  upper  portion  of  the  seam  was  represented  by 
burnt  rocks,  which  give  place  to  cool  at  a  depth  of  62^ 
feet  from  the  surface,  the  ground- water  level  being  some- 
where between   59  and  6of   feet  from   the  surface.     This 

1  Later  operations  pro  zed  it  to  be  the  Kargali  seam,  here  46  feet  thick. 
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close  agreement  between  the  ground-water  level  and  the 
depth  to  which  the  burning  of  the  seam  has  extended  agrees 
with  Mr.  Lathbury's  work  on  the  Joint  Colliery. 

A  few  weeks  later  conclusive  ocular  proof  of  the  re- 
lationship between  these  scoriaceous  rocks  and  breccias  and 
the  coal  seams  was  obtained  from  a  very  clear  section  near 
Gobindpur  in  the  Montiko  Nala,  a  tributary  of  the  Koonar 
River.  In  this  section  a  seam  of  coal  42  feet  thick  is 
exposed  in  a  fine  gorge,  and  at  the  S.W.  end  of  the  gorge  the 
coal  is  seen  rising  at  about  20°  from  the  water  into  a  small 
boulder-strewn  cirque,  the  boulders  being  of  the  usual 
scoriae  and  breccias.  Examination  of  the  low  cliffs  form- 
ing the  cirque  shows  that  at  a  few  feet  above  the  water- 
level  the  top  of  the  coal  seam  becomes  first  slightly  vesi- 
cular and  then  exceedingly  vesicular,  the  thickness  of  this 
semi-coke,  as  it  may  be  termed,  increasing  to  18  in.  on  the 
rise  :  3  to  18  ins.  of  white  coal  ashes  then  appear  at  the 
top  of  the  seam,  separating  the  semi-coke  from  the  over- 
lying shales,  which  have  now  passed  from  a  black  carbon- 
aceous shale  into  a  white  bleached  shale. 

As  one  proceeds  on  the  rise  of  the  seam,  these  overly- 
ing shales  are  seen  to  be  bleached  (in  some  places  red- 
dened) to  a  greater  and  greater  thickness,  and  when  the 
foot-wall  sandstone  is  reached  the  coal  seam  is  found  to  be 
entirely  burnt  with  its  full  thickness  represented  by  a  few 
feet  of  pumiceous  scoriae.  Where  the  seam  has  been 
entirely  burnt  the  overlying  shales  have  become  partially 
fused  with  the  formation  of  breccias  composed  of  frag- 
ments of  porcellanized  shale  in  a  matrix  of  completely 
fused  shale. 

From  a  study  of  this  and  other  occurrences  it  has 
become  clear  that  the  material  of  the  rocks  of  the  '  burnt 
outcrops  '  has  been  provided  in  part  by  the  ash  contents 
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of  the  coal  seams,  in  part  by  interbanded  layers  of  '  stone  ' , 
where  present,  and  in  part  by  the  hanging- wall  rocks  ' — 
usually  shales,  but  sometimes  sandstones  of  various  degrees 
of  impurity.  As  might  be  expected,  the  resultant  products 
show  a  considerable  range  of  composition,  dependent  on 
the  particular  materials  from  which  they  have  been  formed. 
As  an  extreme  case  I  may  mention  a  piece  of  vesicular 
crystalline  hematite  found  on  top  of  one  of  the  Bermo 
hills,  which  unfortunately  I  threw  away  before  I  realized 
its  significance.  It  must  have  resulted  from  the  heating 
— perhaps  with  fusion  and  recrystallization — of  one  of  the 
ironstone  layers  that  are  not  uncommonly  found  inter 
banded  with  the  Barakar  shales. 

Under  the  microscope  many  of  the  burnt-outcrop 
rocks  show  undigested  fragments  of  the  original  rock,  or 
grains  of  sand,  in  an  igneous  matrix  ;  but  in  many  cases 
the  fusion  has  been  so  complete  that  the  new  rock  shows 
microlites  or  well-formed  crystals  in  a  glassy  matrix,  so 
that  one  is  compelled  to  regard  it  as  a  true  igneous  rock 
that  has  solidified  from  fusion  like  a  true  lava  of  volcanic 
origin .  I  have  not  yet  been  able  to  submit  the  thin  slices 
of  these  rocks  to  careful  microscopic  study  and  consequent- 
ly propose  to  defer  to  a  future  occasion  all  reference  to  this 
aspect  of  the  subject — except  to  remark  that  many  of  the 
crystals  suggest  felspars — because  it  is  obvious  that  great 
care  must  be  exercised  in  identifying  the  constituent 
minerals,  on  account  of  the  peculiar  composition  that  these 
rocks,  judging  from  their  origin,  must  possess. 

In  order  to  confirm  the  conclusion  that  these  scoria- 
ceous  rocks  are  products  resulting  from  the  burning  of 
coal  seams  at  their  outcrops  I  submitted  various  specimens 

I   The  footwall  rocks  seem  to  escape  alteration  almost  completely. 
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for  analysis  to  Mr.  C.  S.  Fawcitt  of  Bangalore.     The  results 
are  as  follows  : — 
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F.  64  is  a  piece  of  the  black ,  minutely  micaceous, 
carbonaceous  shale  overlying  the  42-foot  seam  in  the 
Montiko  section.1 

F.  24  is  the  ash  obtained  by  burning  a  portion  of  an 
average  sample  of  the  foregoing  seam,  in  which  the  amount 
of  ash  was  found  to  be  2674  %. 

F.  152  is  a  blackish  minutely  vesicular  rock  from  the 
burnt  outcrop  of  the  same  seam  on  a  hill  about  J  mile 
west  of  the  Montiko  section. 


!  This  is  a  very  characteristic  rock  throughout  the  Barakars  and  is  especially 
common  as  the  overburden  of  coal  seams :  thus  a  great  thickness  of  it  is  separated 
from  the  great  Kargali  seam  only  by  some  5  feet  or  more  sandy  rock. 
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F.  50  is  a  dark  brownish  glass,  translucent  on  thin 
edges  and  rather  resin -like  in  appearance,  from  the  burnt 
outcrop  of  the  Kargali  seam  in  Sawang. 

F.  38  is  from  a  2-inch  vein  cutting  across  the  bedding 
of  a  loose  block  of  bleached  shale  found  in  a  tributary  of 
the  Koelapatthar  Nala  in  Bermo.  The  vein-rock  is  evi- 
dently intrusive  with  reference  to  the  actual  piece  of  shale 
in  which  it  occurs  and  must  have  been  derived  from  the 
melting  of  another  portion  of  the  outcrop  from  which  the 
block  was  derived.  The  vein-rock  is  distinguished  by  the 
presence  of  long  yellowish-green  needles  of  a  mineral  not 
yet  identified. 

In  the  absence  of  a  microscopic  study  of  the  corres- 
ponding rocks  it  is  useless  to  discuss  these  analyses  in  any 
detail.  The  shale  and  coal  ash  were  selected  as  types  of 
two  of  the  chief  materials  contributing  to  the  substance 
of  the  '  lavas  ' .  F.  152  represents  one  of  the  common  types 
of  scoriaceous  'lava',  whilst  F.  50  and  F.  38  are  excep- 
tional types,  each  found  only  once. 

A  general  glance  at  the  last  three  analyses  shows  at 
once  that  they  do  not  correspond  to  a  true  igneous  suite  of 
rocks ,  the  deficit  of  alkalies  being  the  most  noticeable  feature . 

The  general  resemblance  between  F.  152  and  the  non- 
volatile portion  of  F.  64  is  apparent.  F.  152  differs  from 
F.  64  in  containing  an  excess  of  lime  and  magnesia,  and  a 
deficit  of  alumina  (the  higher  Fe.20„  is  of  no  significance, 
as  the  Barakar  beds  are  often  capriciously  ferruginous 
owing  to  surface  replacement),  which  suggests  that  it  has 
been  formed  by  the  fusion  not  of  shale  alone,  but  of  shale 
with  a  certain  amount  of  calcareous  sandstone. 

F.  50  appears  to  represent  an  impure  sandstone  and 
F.  38  perhaps  a  very  ferruginous  shale. 

We  thus  see  that  the  analytical    results  confirm  the 
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field  observations  that  these  and  scoriaceous  rocks  are  of 
sedimentary  origin. 

We  can  finally  approach  the  subject  from  a  third  as- 
pect— the  historical.  An  old  man  named  Jataha  Go  war, 
the  patriarch  of  a  picturesque  hamlet  close  to  the  outcrop 
of  the  Kargali  seam  in  Sawang,  one  day  volunteered  the 
information  that  the  coal  seam  in  the  nala  just  to  the 
north  had  once  been  on  fire.  According  to  tradition  his 
grandfather  when  about  25  years  old  had  seen  the  coal 
alight  The  fire  started  in  the  hot  weather  (month  of 
Baisakh)  and  continued  for  6  months,  not  being  extin- 
guished by  the  rains.  Man}7  people  came  and  offered  milk 
(dudh)  and  ghi  to  the  goddess  Dhattri  (probably  Dharti  or 
Earth),  and  from  this  occurrence  the  nala  received  the 
name  Dudhia  Garha  by  which  it  is  now  known.  As  Jataha 
Gowar  claims  to  have  been  about  10  years  old  at  the  time 
of  the  Mutiny  (he  looks  younger,  but  is  white-haired),  we 
have  apparently  a  record  of  a  fire  on  the  outcrop  of  a 
coal  seam  that  took  place  some  90  to  100  years  ago.  I 
was  taken  to  the  nala,  where  scoriaceous  rocks  exist  as  a 
record  of  a  former  fire.  The  commencement  of  the  fire 
was  accounted  for  by  the  assertion  that  the  nala.  which  is 
now  almost  bare,  was  once  full  of  bushes. 

Before  closing  this  note  I  must  make  a  brief  reference 
to  the  effects  of  the  intrusion  of  mica-peridotite  on  coal 
seams.  These  intrusions  take  the  form  of  irregular  sills, 
dykes,  and  patches,  which  were  injected  whilst  the  Barakar 
rocks  were  still  buried  under  a  cover  of  younger  rocks. 
The  results  of  the  action  of  the  hot  inica-peridotite  011  coal 
seams  and  the  associated  rocks  have  been  fully  described 
bv  W.  Saise  and  T.  H.   Holland  ' ,  but  attention  does  not 


1  Rec.  G.S.I.,  Vol.  XXVII,  pt.  A.  p.  133,  and  Vol.  XXVIII.  pt.  4.  pp.  132-135. 
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seem  to  have  been  drawn  to  the  essential  difference  between 
the  products  resulting  from  the  intrusion  of  mica-perido- 
tite  into  a  coal  seam  and  those  resulting  from  the  burning 
of  a  coal  seam  at  the  outcrop.  The  difference,  in  a  nut- 
shell, between  the  two  classes  of  phenomena  is  that  the 
intrusion  of  the  mica-peridotite  took  place  underground , 
in  the  past,  in  the  absence  of  oxygen,  so  that  the  adjacent 
coal  was  converted  into  natural  coke,  whilst  the  burning 
of  seams  at  the  outcrop  is  a  recent  or  present-day  pheno- 
menon characterized  by  the  free  access  of  oxygen,  so  that 
the  coal  is  burnt  to  ashes.  To  the  latter  case  only  can  the 
term  burning  be  correctly  applied ,  and  for  the  results  of 
the  action  of  mica-peridotite  on  coal  seams  the  term 
coking  seems  to  be  suitable  and  should  always  be  employed 
in  preference  to  the  term  burning.  Thus  we  often  hear 
that  large  areas  of  coal  in  the  Tharia  coalfield  have  been 
burnt  by  mica-peridotite  :  it  would  conduce  to  clear  think- 
ing if  the  term  coked  were  substituted  in  the  future. 
A  habit  of  distinguishing  clearly  between  burning  and 
coking  in  every  case  would  help  to  prevent  such  mistakes  as 
one  that  came  to  my  notice  in  which  a  mining  engineer 
condemned  a  portion  of  a  certain  coalfield,  at  least  partly, 
because  he  correlated  the  presence  of  a  few  small  outcrops 
of  mica-peridotite  with  large  outcrops  of  scoriaceous  rocks, 
not  comprehending  that  the  latter  were  the  products  of  a 
surface  change  only  and  consequently  did  not  extend  to 
any  depth. 

My  reasons  for  offering  this  preliminary  note  in  ad- 
vance of  a  complete  study  are — firstly,  a  desire  to  correct 
the  mistaken  impression  as  to  the  existence  of  a  new  series 
of  volcanic  rocks  produced  by  the  passage  in  my  Korea 
report  already  quoted  ;  and,  secondly,  a  desire  to  urge  as 
soon  as  possible  the  desirability  of  distinguishing  clearly 
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between  the  burning  of  coal  seams  at  the  outcrop,  the  des- 
tructive effects  of  which  are  relatively  unimportant,  and 
the  coking  of  coal  seams  in  depth  caused  by  intrusions  of 
mica-peridotite,  the  effects  of  which  may  prove  disastrous 
to  the  economic  possibilities  of  a  coal-field  or  portions 
thereof. 

It  is  not  contended  that  the  phenomenon  of  the  burn- 
ing of  coal  seams  at  the  outcrop  was  previously  unrecog- 
nized. There  are  several  casual  references  thereto  in  the 
Memoirs  of  the  Geological  Survey  of  India  ,  particularly 
in  the  coal  memoirs  by  T.  W.  H.  Hughes,  but  they  are  so 
occasional  and  scanty  that  it  certainly  seems  desirable  to 
describe  the  phenomena  in  some  detail.  The  Manual  of 
the  Geology  of  India  contains  no  reference  to  this  subject. 

DISCUSSION. 

President  (Mr.  R.  G.  M.  Bathgate)  : — There  is  just  one 
point  I  would  like  to  mention,  and  that  is  that  this  is  a 
preliminary  note,  and  it  may  be  presumed  that  the  author 
will  give  us  another  note  on  this  subject. 

One  point  to  which  I  would  draw  attention  is  that  he 
says  it  will  conduce  to  clearer  thinking  if  "coked"  is 
substituted  for  "burnt."  It  is  a  very  necessary  change. 
We  talk  of  burnt-up  seams;  they  are  not  burnt,  they 
are  coked.  I  think  we  might  correct  our  definition  of  the 
seams.  I  find  that  in  Nos.  n  and  12  seams  on  the  Damuda 
branch  in  putting  in  the  Khoira  cutting  about  seven  or 
eight  years  ago,  the  burnt  shales  were  proved  by  Mr.  Dias 


1  E.g.,  Raniganj  field,  Mem.  G.S.I. ,  III,  pp.  3,  10S  :  Juari.i  field,  Mem.  G  S.I., 
V,  pp.  249,  307  :  Bokaro  field  Mem  G  S.I.,  VI,  pp.  51,  52,  58  :  Daltonganj,  Mem. 
G.S.I.,  VIII,  pp.  340,  341.  I  am  indebted  to  Dr.  A.  Jowett  for  this  list  of  refer- 
ences. 
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to  a  depth  of  34  feet,  and  in  one  case  there  was  a  huge 
cavity  which  required  nine  or  ten  wagons  to  fill  up. 

Mr.  G.  C.  Lathbury  .—There  is  no  doubt  that  the 
burning  of  the  coal  in  question  was  due  to  surface  burning 
and  not  to  the  intrusion  of  any  dyke  In  every  case  I 
remember  that,  when  the  borings  I  put  down  reached  the 
water  level,  good  coal  was  obtained.  Members  may  re- 
member the  meeting  we  had  at  Barakar  where  Dr.  Hayden 
took  us  to  see  two  outcrops.  One  of  these  was  undoubtedly 
coked  due  to  the  intrusion  of  a  mica-peridotite  dyke  which 
was  easily  traceable,  and  the  other  outcrop  was  certainly 
burnt,  I  think  due  to  surface  burning  only.  In  one  case 
the  coal  was  coked,  and  in  the  other  case  it  was  burnt  to 
ash. 

Mr.  C.  H.  McCale : — In  such  cases  where  no  dyke  is 
traceable,  as  referred  to  by  Mr.  Lathbury,  I  am  inclined 
to  believe  that  the  crops  of  coal  seams  have  been  fused  by 
fires  caused  on  the  surface. 

Mr.  Thos.  Walsh : — Mr  Lathbury  mentioned  there  is 
no  dyke  visible  near  the  fire.  This  is  quite  possible,  and 
to  give  a  case  in  point,  in  the  Sanctoria  seam  an  assistant 
came  to  me  and  said  that  the  coal  itself  had  burned  and 
that  he  could  not  find  an  inlet  of  any  dyke.  I  told  him 
to  be  careful  when  he  came  to  the  huge  boulder  and  to  cut 
all  round ,  and  I  proved  to  him  that  there  was  a  tiny  outlet 
through  which  the  lava  had  flowed  The  same  might  have 
happened  here. 

Mr.  C.  Habbrrjam : — To  show  how  easily  coal  seams 
may  become  ignited  at  the  outcrop  I  might  mention  two 
cases  coining  in  my  short  experience  in  this  country. 

The  first  was  an  exposed  outcrop  under  examination 
which  appeared  badly  burnt.  On  enquiry  from  natives 
who  had  lived  a  considerable  length  of  time  in  the  district 
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and  from  information  from  a  forest  officer,  the  only  con- 
clusion which  could  be  arrived  at  was  that  the  outcrop  had 
taken  fire  from  a  fire  which  had  occurred  at  that  place. 
The  natives  said  that  the  forest  fire  had  gone  on  for  years, 
a  very  unusual  thing  for  a  forest  fire  to  do.  Whether  the 
outcrop  had  ignited  spontaneously  and  caused  the  forest 
fire  or  not,  was  questionable  ;  the  bulk  of  the  evidence  was 
in  favour  of  the  forest  fire  having  occurred  first. 

The  second  case  was  one  in  which  natives  had  been 
allowed  to  have  a  fire  when  working  in  the  neighbourhood 
of  outcrops  of  coal.  The  fire,  which  was  used  for  cooking 
purposes,  had  been  inadvertently  placed  on  the  sand  in 
the  bed  of  a  stream  immediately  over  an  outcrop  of  coal. 
It  had  been  burning  for  some  days  before  it  was  noticed 
that  the  seams  below  had  taken  fire,  and  difficulty  was 
experienced  in  putting  them  out. 

Mr.  R.  R.  Simpson  : — I  should  like  to  thank  Dr. 
Fermor  for  his  most  interesting  paper.  We  are  all  familiar 
with  the  subject,  and  I  have  no  doubt  most  of  us  have 
come  to  the  same  conclusion  as  Dr.  Fermor  ;  but  we  have 
not  gone  into  it  so  scientifically,  and  we  are  obliged  to  him 
for  the  well-balanced  and  full  account  of  the  phenomena. 
The  general  opinion  is  that  the  burning  of  the  outcrops  has 
been  caused  by  accidental  fire ;  it  may  be  by  lightning  or 
human  agency.  Mr  Walsh  forgets  that  mica-peridotite 
dykes  were  injected  into  the  coal-seams  in  post-Barakar 
times  when  these  rocks  were  covered  up  by  other  rocks. 
His  contention  is  that  the  burning  at  the  outcrop  was  origi- 
nated by  the  dykes  and  promoted  by  the  fact  that  it  was 
near  the  surface  where  air  was  available.  He  forgets  that 
at  the  time  it  was  not  near  the  surface,  and  that  it  was 
later  that  it  was  tilted  into  its  present  exposed  position. 
One  of  the  arguments  in  favour  of  the  idea  that  the  burning 
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was  by  accidental  agency  is  that  these  burnt  outcrops 
nearly  always  occur  in  high  ground,  and  that  if  the  seam  be 
followed  down  to  water  level  the  coal  is  found  unburnt.  A 
good  example  of  this  is  the  burnt  outcrops  of  nos.  n  and 
12  seams  below  Jharia  church.  There  is  no  doubt  in  my 
mind  that  the  burning  is  accidental  burning  and  not 
burning  by  dykes. 

President  (My.  R.  G.  M.  Bathgate) : — I  have  much 
pleasure  in  seconding  the  proposed  vote  of  thanks.  As 
this  is  only  a  preliminary  note  I  should  think  that  we  will 
probably  have  a  definite  opinion  from  Dr.  Fermor  on  the 
point  raised  by  Mr.  Walsh.  I  think  if  it  is  possible  it 
might  be  suggested  to  Dr.  Fermor  that  while  on  the  subject 
he  might  look  into  the  question  of  the  extent  of  coking  due 
to  these  d3'kes.  I  think  Mr.  Kean  took  measurements  of 
the  coke  alongside  the  dykes.  That  is  very  interesting. 
We  find  in  no.  15  seam  you  perhaps  get  an  inch  or  half  an 
inch  of  mica-peridotite  whereas  you  get  3  or  4  feet  of  coke. 

Mr.  R.  R.  Simpson  : — Another  point  which  I  should 
like  to  bring  out  is  that  there  are  very  many  instances  of 
dykes  actually  coming  to  the  surface  with  coke  adhering 
to  them  on  either  side.  I  think  the  differences  to  which 
Mr.  Walsh  refers  are  largely  due  to  differences  in  the  tem- 
perature of  the  igneous  material  injected. 

Mr.  G.  C.  Lathbiiry  : — With  reference  to  the  amount 
of  coal  coked  on  each  side  of  a  dyke  I  can  give  an  instance 
of  driving  through  a  dolerite  dyke  105  feet  thick  where  the 
amount  of  coked  coal  on  either  side  was  about  100  feet. 
This  was  the  amount  of  coal  that  could  not  be  worked. 

Mr.  Thos.  Walsh  : — Of  course  with  regard  to  the 
quantity  of  burnt  coal  on  either  side  a  great  deal  depends 
on  the  flow  of  the  lava.  There  is  a  well-defined  dyke 
which  goes  through  our  property  and  which  also   comes 
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through  here.  It  is  raica-peridotite.  As  it  approaches  the 
metamorphics  it  divides  itself  into  a  series  of  five  or  six 
more  branches.  I  have  tried  to  trace  it  through  the 
metamorphics  but  there  is  no  trace.  That  shows  that  the 
direction  of  the  dyke  is  towards  the  metamorphics.  The 
flow  of  the  dyke  is  also  subsequent  to  the  upheaval.  That 
dyke  when  it  struck  the  metamorphics  ceased  to  flow.  It 
still  retained  its  thickness  of  from  12  to  15  feet.  The  coal 
on  either  side  has  burnt  very  little ;  as  Mr.  Simpson  has 
mentioned,  the  temperature  of  the  flow  is  less  and  the  time 
is  less.  As  you  come  near  to  the  Standard  Colliery  you  get 
more  burnt  coal,  and  as  you  go  further  away  probably  you 
get  still  more. 

Dr.  Fermor  (contributed) : — The  foregoing  discussion 
calls  for  little  comment.  As  regards  the  extent  of  coking 
due  to  micaperidolite,  the  thickness  of  coal  coked  appears 
to  be  as  a  rule  several  times  the  thickness  of  the  intrusive. 

Mr.  Walsh's  views  would  have  called  for  some  com- 
ment, but  my  remarks  would  have  been  very  similar  to 
those  of  Mr. Simpson. 


Jharia  Meeting. 

Held  on   Monday,   April  2nd,    1917. 

The  second  Ordinary  General  Meeting  was  held  at 
Jharia  on  the  2nd  April,  1917,  when  the  East  Indian  Coal 
Co.,  Ld.,  entertained  the  members  of  the  Institute.  The 
following  were  present :  — 

Mr.  R.  G.  M.  Bathgate,  President. 

Messrs.  G.  F.  Adams,  R.  F.  Augier,  R.  Barrowraan,  G.  Castles. 
R.  L.  Frizoni,  H.  H.  Hayden,  B.  Heaton,  J.  S.  Hunter,  J.  S.  Kean,  H. 
Lancaster,  J.  Mackie,  G.  S.  Martin,  J.  Miller,  T.  C.  Murray,  J.  A.  Oliver, 
E.  H.  Roberton,  A.  Stead,  B.  Starks  Field,  Thos.  Walsh,  and  J.  B. 
Wardlaw, — members. 

Messrs.  B.  Atkinson,  W.  S.  Cuthbertson,  D.  P.  Davies,  H.  G. 
Fleury,  F.  B.  Foster,  T.  Luby  and  James  Mason, — -guests. 

An  excursion  was  made  under  the  guidance  of  the 
manager,  Mr.  J.  B.  Wardlaw,  to  the  fire  area  of  the  Bararee 
workings,  and  to  the  pillar  extraction  area  of  the  Jealgora 
workings.  The  party  also  inspected  the  underground 
machinery,  including  a  compressed-air  drill  and  dip  pump 
at  work,  of  Nos.  1  and  2  pits,  Jealgora. 

Lunch  was  kindly  provided  at  the  Jharia  Club  by  the 
East  Indian  Coal  Co.,  Ld. 

The  following  note  by  the  manager  was  handed  to  the 
members : — ■ 

The  total  area  of  the  leasehold  (Jealgora,  Bararee  and 
part  of  Bhulan  Bararee)  is  2,137  bighas,  and  all  seams  from 
Nos.  10  to  16  inclusive  crop  out  therein.     The  seams  dip  to 
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the  west  at  a  gradient  of  i  in  10,  except  at  the  outcrop 
of  No.  io  seam  where  the  inclination  is  approximately  i 
in  I. 

Nos.  15  and  14A  seams  have  been  extensively  worked, 
No.  14  to  a  less  degree,  and  as  regards  the  other  seams, 
very  little  development  has  been  done.  Nos.  14,  14A  and 
15  seams  were  developed  from  the  outcrop  by  inclines, 
and  further  to  the  dip  by  6  pits,  sunk  at  different  points 
on  the  property.  No.  15  seam  varies  from  26  to  28  feet 
thick,  and  is  separated  from  14A  seam  (8  feet  thick)  by  7 
to  12  of  strata,  while  14  seam,  which  lies  at  a  depth  of  40 
to  65  feet  below  14A  seam,  is  30  feet  thick. 

There  are  three  inclines  into  No.  14  seam,  and  two 
inclines  into  15  seam,  each  fitted  with  direct  steam  haulage. 

Nos.  1  and  2  Pits  Bararee. — These  shafts  are  sunk  to 
No.  14  seam  to  a  depth  of  193  feet  and  207  feet  respec- 
tively. No.  14  seam  is  raised  from  No.  1  pit  and  No.  14A 
seam  from  No.  2  pit.     The  plant  consists  of  : — 

3  Lancashire  boilers  30'  x  7J',  press.  100  lb.  per  sq. 
inch  ; 

2-geared  winding  engines  12"  x  30"  x  6  feet  drums; 

a  Sirocco  blowing-fan,  64"  dia.,  capable  of  producing 
80,000  cubic  feet  of  air  per  minute,  coupled  direct  to  a 
vertical  steam  engine ; 

a  twin  set  of  lift-pumps  operated  by  a  horizontal 
steam  engine  through  bell  cranks,  buckets  9"  dia.  X4  feet 
stroke ; 

1  duplex  Worthington  pump  16"  x  7"  x  10". 

Nos.  1  and  2  Pits  Jealgora  : — These  shafts  are  sunk  to 
No.  14  seam  at  a  depth  of  470  feet.  The  following  plant 
is  installed  : — 

5  Lancashire  boilers  30'  x  y\' >  press.  100  lb.  per  sq. 
inch ; 
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2  Weir's  boiler-feed  pumps  y"  x  oj-"  x  18"  ; 

2  direct-acting  winding  engines,  cylinders  zo"  dia., 
stroke  4  feet,  drums  9  feet  diameter ; 

a  Vickers  double  inlet  exhausting  fan  70"  dia.,  fitted 
with  reversing  gear,  producing  150,000  cubic  feet  of  air 
per  minute,  water  gauge  \" ',  rope  driven  by  a  Robey's 
single  cylinder  horizontal  engine,  cylinder  iS"  dia.,  36  feet 
stroke,  fitted  with  automatic  trip  valve  gear.  This  engine 
has  been  designed  so  that  it  can  be  duplicated  when  neces- 
sary and  the  fan  drift  has  been^constructed  so  as  to  permit 
of  an  additional  ventilating  fan  being  installed  with  a 
minimum  of  alterations  to  existing  drift; 

2  Belliss  &  Morcom  vertical,  two-crank,  two-stage, 
direct  steam-driven,  air  compressors,  each  capable  of 
delivering  2,000  cubic  feet  of  free  air  per  minute  at  80 
lb.  per  sq.  in.  The  speed  of  the  compressor  is  250  revs, 
and  it  is  under  the  control  of  the  centrifugal  governor 
for  air  pressures  up  to  So  lb.  per  sq.  in.  Beyond  this 
point  the  air  relay  gear  takes  control  varying  the  speed, 
to  suit  the  demand  for  air,  down  to  a  minimum  of  60  revs, 
per  minute  at  a  maximum  air  pressure  of  84  lb.  per  sq. 
inch. 

No.  1  Pit : — The  output  of  Xos.  15  and  14A  seams  is 
raised  from  this  shaft,  the  seams  being  connected  by 
crosscut  drifts  and  the  coal  brought  to  the  shaft  bottom 
in  15  seam.  There  are  two  endless  rope  haulages,  one 
serving  the  north  district  and  the  other  the  south.  These 
are  operated  by  a  Robey  horizontal  coupled  geared  engine, 
cylinders  8"  dia.  x  18"  stroke,  speed  200  feet  per  minute, 
driven  by  compressed  air.  The  driving  pulleys  are  5  feet 
dia.,  fitted  with  renewable  liners.  The  tubs  are  hauled  in 
trains  of  10  to  20,  by  a  bogie  attached  to  the  rope  by 
means  of  a  screw  clip. 
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No.  2  Pit  .—This  shaft  deals  with  the  coal  from  Xo.  14 
seam  which  is  only  now  being  developed.  All  main  head- 
ings are  driven  by  coal-cutting  machines  oi  the  Hardy 
Puncher  type,  driven  by  compressed  air.  Shot-holes  are 
drilled  by  percussive  drills. 

(2)  A  particularly  interesting  operation  was  the  mak- 
ing /of  the  connection  with  this  shaft.  No.  1  pit,  which 
had  been  sunk  to  14 A  seam  but  not  to  14  seam,  could  not 
satisfactorily  be  sunk  while  the  pit  was  busily  engaged 
winding  from  15  seam.  It  was  decided  that  the  remaining 
30  feet  of  strata  be  pierced  upwards  from  14  seam.  A 
shaft  8  feet  in  diameter  was  made  in  about  2  weeks,  and 
the  shaft  opened  out  to  the  full  15  feet  in  diameter  in  5 
weeks  at  an  actual  cost  of  Rs.  45  per  foot.  The  delay  in 
completing  the  shaft  was  due  to  the  difficulty  of  removing 
and  stowing  the  debris  underground. 

The  pumping  plant  consists  of:  — 

an  Oddie  Barclay  tandem  pumping  engine  fitted  with 
a  surface  condenser,  cylinder  22"  dia.,  rams  SJ"  dia., 
stroke  28",  capable  of  dealing  with  550  gallons  of  water 
per  minute  against  a  600  feet  head  ; 

1  duplex  Worthington  pump  20"  x  SV  x  15"  stroke  ; 

1  ,,  ,,  ,,       i6"x7"xio" 

3  small  duplex  Tangye  pumps  6"  x  4"  x  4"  working  in 
dip  galleries  driven  by  compressed  air. 

Nos.  3  and  4  Pits  Jealgora  : — These  shafts  are  sunk  to 
No.  14  seam  at  a  depth  of  320  feet.  No.  3  pit  is  utilized 
to  work  Nos.  15  and  14A  seams,  which  are  connected  by 
a  crosscut  drift,  and  No.  14  seam  is  raised  from  No.  4  pit. 

Plant:  — 

3  Lancashire  boilers  30'  X7',  press.  125  lb.  per  sq.  in. ; 

2  Weir's  boiler-feed  pumps  7"  x  q\"  x  18"; 

2  geared  winding  engines  14"  x  28"  x  6'  drums ; 
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i  duplex  Worthington  pump  20"  x  8V  x  15"  ; 

1  duplex  Tangve  pump  16"  x  8"  x  10". 

There  is  a  water-filtering  installation  situated  at 
Jealgora  to  provide  drinking  water  for  the  collier}-,  con- 
sisting of  two  Jewel  Gravity  Filters  each  capable  of  filter- 
ing 2,000  gallons  of  water  per  hour.  The  filtered  water  is 
pumped  to  an  overhead  tank  and  from  there  distributed 
through  pipes  to  all  parts  of  the  colliery. 

Gob- fires  : — A  number  of  gob  fires  have  occurred  in 
No.  15  seam  in  different  parts  of  the  mine.  The  first 
broke  out  during  March  1911  in  No.  14  incline  goaf,  where 
pillars  were  extracted.  Water  was  pumped  into  the  mine 
to  keep  the  fire  under  control,  until  stoppings  were  built 
in  all  the  galleries  leading  to  the  seat  of  the  outbreak. 
Unfortunately  it  was  impossible  to  control  the  fire,  which 
gradually  extended ,  necessitating  the  shutting  down  of  all 
Inclines  into  this  area.  Surface  drains  were  cut  so  as  to 
lead  sufficient  water  to  this  area  w  ien  the  rains  broke,  and 
in  July  the  mine  was  flooded  out.  One  of  the  surface 
drains  alone  was  found  to  be  conveying  3 ,500  gallons  of 
water  per  minute  into  the  mine.  All  stoppings  were  com- 
pleted in  September  1911. 

Soon  after  the  first  fire  occurred,  it  was  considered 
essential  to  adopt  protective  measures  in  other  mines 
where  pillar  cutting  was  in  progress.  The  building  of 
stoppings  was  commeneed  at  various  points,  the  object 
being  to  divide  the  whole  district  into  small  sections, 
taking  advantage  of  the  few  barriers  and  dykes  and  leaving 
only  two  openings  to  each  section.  Ninety  brick  stoppings 
were  necessary  in  No.  15  seam.  Unfortunately  before  half 
of  that  number  could  be  built,  a  serious  fire  broke  out  in 
the  goaf  at  No.  2  incline  on  the  30th  September,  1911. 
Efforts  were  made  to  dig  out  the  fire.     The  seat  of  the 
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outbreak  was  actually  reached,  and  the  burning  coal  was 
being  removed,  when  there  was  a  sudden  downpour  of 
rain  which  caused  a  reversal  of  the  ventilating  current  and 
drove  the  workers  out  of  the  mine.  Fanned  by  this 
current  of  fresh  air  the  fire  spread  with  alarming  rapidity, 
and  the  mine  soon  became  filled  with  smoke.  In  a  short 
time  smoke  poured  forth  from  almost  every  opening  to  the 
surface.  The  mouths  of  the  inclines,  the  air  shafts  and 
the  subsidences  were  ultimately  filled  up  with  earth,  and 
except  for  a  small  area  to  the  North  of  No.  14  incline,  all 
the  workings  in  No.  15  seam  were  closed  down.  There 
were  several  air  shafts  and  bore  holes  connecting  15  and 
14A  seams,  and  these  and  the  connections  to  No.  1  and  2 
pits  Bararee  were  built  up  previous  to  the  outbreak.  But 
for  this  precautionary  measure,  the  fire  would  undoubtedly 
have  extended  to  Nos.  14A  and  14  seams  also. 

Early  in  1912  it  was  decided  that  an  attempt  should 
be  made  to  recover  a  part  of  the  workings.  Small  open- 
ings were  made  at  the  mouth  of  each  incline  at  which 
temperatures  were  taken  and  recorded,  and  the  action  of 
the  gases  closely  observed.  At  No.  3  incline  the  tempera- 
ture was  found  to  be  much  less  than  at  No.  2  incline 
or  No.  4  incline,  and  while  the  gases  upcasted  strongly  from 
the  latter,  they  only  emitted  from  the  opening  at  No.  3 
incline  under  low  pressure.  It  was  finally  decided  to 
enter  No.  3  incline  and  if  possible  build  up  the  small 
openings  in  a  dyke  running  from  rise  to  dip  on  the  north 
side  of  the  incline.  The  earth  was  cleared  away  from  the 
mouth  of  the  incline  and  a  door  fitted.  A  Sirocco  blow- 
ing fan,  44"  dia.  belt,  driven  by  a  Marshall's  vertical  steam 
engine,  was  fitted  up  close  to  a  small  shaft,  which  had 
been  sunk  down  to  the  main  dip  near  the  entrance  of  the 
Incline,  to  serve  as  a  fan-drift.      An  opening  was  made  at 
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the  entrance  of  No.  2  Bhulan  incline  to  provide  a  return 
or  escape  for  the  gases.  Building  materials  were  collected 
on  the  surface  ready  to  be  lowered  into  the  mine.  These 
preparations  were  completed  in  April  1912.  The  fan  was 
then  started  and  the  gases  cleared  as  far  as  the  first  level 
galleries.  A  hurdle  brattice  was  erected  on  the  main  beyond 
these  galleries  and  stoppings  built  in  them.  Some  floor 
coal  had  been  left  along  either  side  of  the  incline,  and  the 
galleries  were  about  10'  high  x  12'  wide.  The  stoppings  were 
built  of  mud  and  bricks,  and  25"  thick.  The  ventilating 
current  was  regulated  and  only  sufficient  pressure  main- 
tained to  keep  the  gases  in  check  at  the  point  where  stop- 
pings were  being  built,  as  any  extra  air  forced  into  the 
mine  would  have  helped  to  revive  the  fire  at  No.  2  incline 
and  increase  the  difficulties  and  dangers  attending  the 
recovery  operations.  As  soon  as  the  stoppings  were  com- 
pleted in  the  first  galleries  the  hurdle  brattice  was  moved 
down  past  the  next  level  galleries  and  stoppings  built  in 
these  also.  The  average  progress  was  2  stoppings  during 
24  hours.  When  the  fifth  level  was  reached  it  was  decided 
to  proceed  to  the  north  towards  the  first  opening  in  the 
dyke.  The  galleries  in  this  direction  had  been  cut  to  the 
full  height  of  the  seam,  and  it  was  necessary  to  fit  up  large 
brattices  to  course  the  ventilation.  The  dyke  was  reached, 
but  the  brattices  in  the  intermediate  galleries  were  not 
capable  of  holding  back  the  gases,  and  we  had  perforce  to 
abandon  this  work  and  proceed  to  build  the  stoppings 
required  in  No.  2  incline  down  to  the  barrier  below  23 
level.  The  hurdle  brattice  was  then  moved  to  the  sixth 
level  and  stoppings  built  in  the  galleries  there.  This 
operation  was  repeated  at  each  level  and  eventually  the 
23rd  level  and  the  barrier  were  reached.  Beyond  the  14th 
level  the  gases  became  less  dense  and  the  progress  was 
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more  rapid,  as  many  as  four  stoppings  being  built  in  24 
hours.  All  the  gases  by  this  time  had  been  driven  out  of 
the  area  to  the  south  of  No.  3  incline,  but  it  was  over  a  week 
before  the  workings  had  cooled  down  sufficiently  to  allow 
any  one  to  enter.  The  area  recovered  represented  more 
than  half  of  the  total  area  under  fire.  Samples  of  the 
gases  were  taken  at  three  places  on  the  main  dip  beyond  the 
hurdle  brattice,  and  the  following  is  a  table  of  analyses  of 
these  :  — 


Composition. 

1st 

sample. 

2nd  sample. 

3rd  sample 

Carbonic  Acid 

0-20  % 

o-6o  % 

5-40  °o 

Methylene 

o-oo  °0 

o-oo% 

o-oo% 

Oxygen 

2030% 

1980% 

ir-6o% 

Protoxide  of  Carbon 

traces 

traces 

0"20  % 

Hydrogen 

traces 

traces 

traces 

Methane 

traces 

traces 

060  °0 

Xitrogen 

79  50% 

79"6o  °G 

82-20% 

10000 

100  00 

IOO'OO 

Sample  No.  1  was  taken  near  the  entrance. 
,,        No.  2    ,,     beyond  No.  3  incline. 
,,         No.  3    .,     futher  to  the  dip. 

On  reaching  the  barrier  the  stopping  which  had  been 
built  there,  before  the  gases  extended  to  No.  3  incline,  was 
found  to  be  intact,  but  the  workings  to  the  dip  of  the 
barrier  were  found  to  be  fall  of  black  damp.  The  stop- 
pings along  the  north  side  of  the  incline  were  reinforced, 
by  pucca-built  stoppings  3  feet  thick  and  let  2\  feet  into 
the  sides  of  the  pillars,  a  6"  space,  which  was  afterwards 
packed  with  sand  being  left  between  the  two  stoppings. 
The  workings  beyond  the  barrier  were  next  cleared  of 
black    damp.       The    main    dip   of   No.  3   incline   was   the 
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only  opening  through  the  barrier,  the  others  being  still 
within  the  fire  area,  and  stoppings  had  been  built  in  them 
before  the  mine  was  closed.  A  second  opening  was  pro- 
vided by  driving  a  crosscut  drift  up  from  the  workings  in 
14A  seam,  in  No.  2  Pit  Bararee,  below  the  barrier  and  a 
current  of  air  obtained  from  the  blowing  fan  at  this  shaft, 
which  pushed  the  black  damp  through  the  gallery  in  the 
barrier  in  No.  3  incline  15  seam  ;  from  there  it  was  diverted 
behind  the  stoppings  in  the  south  side  of  No.  3  incline  and 
up  to  the  surface  at  No.  2  Bhulan  incline.  Dams  10  feet 
thick,  constructed  with  special  bricks  and  cement  mortar, 
were  afterwards  built  in  the  three  openings  In  the  main 
coal  barrier,  and  two  iron  doors  fitted  in  the  main  dip  of 
No.  3  incline,  where  it  passes  through  the  barrier. 

The  conduct  of  the  native  labour,  especially  the  raj 
mistries  and  coolies,  employed  at  the  recovery  operations, 
is  worthy  of  comment.  They  stuck  to  the  work  and 
carried  out  all  orders  promptly. 

There  have  been  five  subsequent  fires  in  No.  15  seam  in 
different  mines.  The  first  was  in  the  south  dip  section  of 
No.  3  incline  within  two  months  of  the  recovery  of  this 
area  where  some  pillars  had  previously  been  extracted.  A 
fall  to  the  surface  took  place  in  October  1911,  and  an 
outbreak  of  fire  was  detected  in  June  1912.  A  start  had 
been  made  building  stoppings  to  isolate  the  goaf  before  the 
fire  occurred,  and  it  was  speedily  built  off  and  has  since 
remained  closed. 

A  second  fire  occurred  at  No.  14  incline  in  May  1914 
and  necessitated  the  shutting  down  of  all  the  workings 
within  that  area.  This  fire  may  not  have  been  a  fresh 
outbreak,  but  a  continuation  of  the  first  fire  which  occurred 
in  March  191 1.  It  is  still  active  and  is  now  burning  on  the 
surface  at  the  outcrop. 
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Pillar  cutting  was  commenced  near  the  southern 
boundary  in  No.  2  Bhulan  incline  in  January  1913.  The 
first  fall  to  surface  occurred  on  the  21st  July,  1913,  gob 
stink  and  fire  were  detected  on  the  12th  June,  I9i4,and 
the  two  openings  leading  to  this  district  were  built  off  at 
once.  -  This  fire,  in  September  1916,  burned  round  the 
end  of  one  of  the  stoppings  in  the  barrier,  which  is  only  30 
feet  thick  and  separates  the  fire  area  from  the  rise  work- 
ings in  No.  3  incline.  There  are  three  galleries  driven 
through  the  barrier  within  50  feet  of  each  other  in  which 
stoppings  had  been  built,  and  the  fire  broke  through  at  the 
stopping  in  the  middle  gallery.  In  order  to  guard  against 
the  fire  coming  through  at  the  other  stoppings  and  en- 
dangering the  workings  in  No.  3  incline,  a  large  pucca 
brick  wall,  or  stopping,  5  feet  thick  at  the  bottom  and 
3  feet  thick  next  the  roof  and  the  full  height  of  the  seam, 
is  being  built  along  the  barrier  completely  enclosing  the 
three  galleries. 

Another  fire  occurred  in  Jealgora  No.  1  Pit  Pillaring 
was  commenced  in  a  panel  to  the  rise  of  the  shaft  in  1910, 
and  was  continued  until  all  the  pi'lars  had  been  extracted 
in  No.  15  seam,  and  the  panel  sealed  off  in  January  1913. 
Pillar-cutting  in  14A  seam  beneath  the  15  seam  panel 
commenced  in  September  1913.  The  first  fall  to  the  sur- 
face occurred  in  March  1914,  and  just  as  the  last  pillar  in 
14 A  seam  was  being  cut  out.  gob  stink  was  detected  in  the 
goaf  and  the  panel  was  sealed  off,  in  December  1914. 

The  last  fire  took  place  in  Jealgora  No.  1  Pit,  No  5 
panel  south  district.  The  cutting  out  of  pillars  started  in 
December  1914,  only  ir  pillars  were  extracted,  gob  stink 
was  detected  in  April  19 16,  and  the  panel  was  sealed  off  at 
once.  There  were  no  signs  of  heating  and  no  fall  to  the 
surface. 
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The  following  is  a  table  of  the  analysis  of  the  shales 
immediately  above  No.  15  seam  :  — 

Fixed  Carbon  1610 

Volatile  carbonaceous  matter  12-30 

Ash  or  mineral  matter  7°'4° 

Moisture  120 


roo-oo 


Distilled  oil  1-4% 

Distilled  watery  liquor  6-6  °0 

Watery  solution  is  alkaline  to  test  paper. 

The  mixture  of  oil  and  water  obtained  by  the  destruc- 
tive distillation  of  1,000  grams  of  the  shale  is  sent  here- 
with in — 

Oil  — 14  cc. 

Watery  liquor — 66  cc. 

The  method  of  working  at  Bararee  prior  to  the  out- 
breaks of  fire  in  No.  15  seam  was  the  ordinary  "  pillar  and 
stall,"  but  at  jealgora  a  modified  "panel"  system  was 
adopted.  When  it  became  obvious  that  15  seam  was  liable 
to  spontaneous  combustion,  at  certain  periods  after  the 
commencement  of  pillar-cutting  operations,  and  profiting 
by  the  experience  gained  in  dealing  with  these  fires,  the 
"  panel"  system  of  working  was  introduced  in  all  seams 
Each  panel  forms  its  own  ventilating  district  and  the 
openings  thereto  are  as  few  as  possible.  The  average 
number  of  pillars  in  a  panel  is  20,  protected  by  barriers  60 
to  100  feet  thick.  Corresponding  panels  are  laid  out  in 
Nos.  14A  and  14  seams  also,  and  the  verticality  of  barriers 
in  all  seams  is  strictly  adhered  to.  There  is  a  limit  to  the 
time  in  which  pillars  in  a  panel  are  to  be  extracted,  as  the 
coal  is  known  to  fire  from  ii  to  2  years  after  pillar  cutting 
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is  commenced,  and  the  size  of  the  panels  is  based  on  that 
knowledge. 

For  some  time  pillars  were  extracted  by  what  is  known 
as  the  "  dropping"  method,  that  is,  a  pillar  was  undercut 
and  blasted  down,  and  the  coal  loaded  out.  There  is  no 
doubt  that  where  the  roof  is  good,  and  other  conditions 
are  favourable,  pillars  can  be  extracted  more  rapidly  by 
this  method  than  by  any  other.  The  roof  of  No.  15  seam 
does  not  always  permit  of  all  pillars  being  dropped,  and 
in  order  to  avoid  serious  losses,  pillars  are  only  dropped 
when  it  is  certain  that  all  the  coal  will  be  got. 

In  new  workings  the  system  now  generally  adopted  is, 
—galleries  10  feet  high  are  driven  along  the  roof  of  the  seam 
forming  pillars  within  the  panel,  all  the  floor  coal  is  left 
intact.  The  pillar  furthest  away  from  the  opening  into 
the  panel  is  quartered,  also  on  the  roof,  and  the  in-bye 
quarter  is  then  cut  out  in  three  lifts  from  the  roof  to  the 
floor,  the  roof  being  supported  by  props  as  each  lift  is 
cut  away.  The  remaining  quarters  of  the  pillars  are  cut  out 
in  the  same  manner.  Pillars  are  cut  out  in  rotation  usually 
from  dip  to  rise.  In  two  panels  in  Jealgora  No.  1  Pit,  at 
a  depth  from  the  surface  of  nearly  300  feet  where  this 
method  has  been  adopted,  85  %  of  the  coal  has  been  taken 
out.  Attention  is  drawn  to  No.  2  panel,  which  is  only 
200  feet  wide,  and  lies  at  a  depth  of  300  feet.  When  14 
pillars  had  been  removed,  there  was  a  heavy  fall  dropping 
the  surface  6  feet  in  the  centre,  while  the  area  of  the  sur* 
face  fall  was  approximately  190  feet  long  by  140  feet 
wide. 
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Meeting  at  Asansol. 

Held  oh   Monday,   June   18th,  1917. 

The  Third  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Railway- 
Institute,  Asansol,  on  Monday  the  18th  June,  1917,  at  11 
a.m. 

Present : — Messrs.  C.  H.  McCale,  Vice- President  (in  the  chair), 
G.  F.  Adams,  P.  H.  Ashcroft,  W.  H.  Bates,  Geo.  Crawford,  Glen  George, 
T.  S.  Gibson,  C.  A.  John  Hendry.  H.  Lancaster,  G.  C.  Lathbury,  G.  C. 
Leach,  F.  Owen,  Thos.  Samson,  Dr.  Thompson  (visitor),  and  Mr.  E.  H. 
Roberton  (Honorary  Secretary). 

The  minutes  of  the  First  and  Second  Ordinary  Meet- 
ings held  at  Jharia  on  the  19th  February  and  the  2nd 
April,  1917,  were  read  and  confirmed. 

Discussion  on  Mr.  E.  H.  Roberton's  paper  "  The 
Cementation  process  of  shaft  sinking  "  was  closed. 

Further  discussion  on  Dr.  L.  L.  Fermor's  paper 
"  Preliminary  note  on  the  burning  of    coal  seams  at  the 
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outcrop,"  and  on  Mr.  R.  H.  Husband's  paper  "  Extrac- 
tion of  coal  pillars  from  fiery  seams  and  goaf  stowing  in 
Indian  mines,"  was  postponed. 

In  the  absence  of  author,  the  Honorary  Secretary 
read  the  paper  on  "  Housing  of  labour  and  sanitation  at 
mines  in  India,"  by  Mr.  J.  H.  Evans,  which  was  discussed. 

Mr.  C.  A.  John  Hendry  read  his  paper  on  "  Some 
preliminary  considerations  in  rrydraulic  stowing,  with  a 
note  particularly  relating  to  the  coal-fields  of  Bihar,"  dis- 
cussion of  which  was  adjourned. 


Housing  of  Labour  and  Sanitation  at 
lines  in  India. 


BY 


J.   H.   Evans,   Seetulpore  Colliery,   Disergarh. 

(With  8  Plates.) 

The  above  subject  is  a  very  difficult  one  to  encounter 
when  the  different  classes  of  people  we  have  to  house  are 
considered.  We  do  not  find  more  than  two  or  three 
castes  accepting  the  same  conditions.  The  customs  of  the 
different  castes  are  known  more  or  less,  and  it  will  be 
found  that  the  conditions  suitable  to  the  Ranigunge  coal- 
fields are  not  applicable  to  the  Jherria  nor  to  the  other 
mining  districts.  The  housing  of  the  labour  with  which 
we  have  to  deal  will  never  be  a  success  until  there  is  legis- 
lation making  it  compulsory  for  all  and  sundry  to  build 
a  certain  approved  type  of  dwelling  ;  but  no  matter  what 
design  of  house  we  may  suggest  it  will  take  some  consider- 
able time  ere  we  can  eliminate  the  labourers'  insanitary 
habits.  We  may  build  houses,  etc.,  on  a  colliery  which 
to  our  minds  are  sanitary  in  every  respect  and  also  pro- 
vide for  practically  all  emergencies ;  but  still  we  have  to 
remember  that  our  friend  the  miner  goes  to  his  own  village 
where  he  is  housed  to  suit  his  liking  and  in  a  way  invari- 
ably much  inferior  to  the  dwellings  provided  on  the  col- 
lieries. He  stays  there  over  the  week-end  and  returns 
perhaps  bringing  back  with  him  whatever  diseases  may  be 
prevalent  in  his  own  village. 
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It  is  also  necessary  to  consider  the  position  of  the 
different  concerns,  the  European  and  Indian  Companies, 
respectively,  the  one  paying  perhaps  30  per  cent  and  up- 
wards in  dividends  and  the  other  just  struggling  to  keep 
its  head  above  water. 

The  former  are  in  the  best  positions  to  erect  suitable 
houses  while  the  latter  will  build  to  suit  circumstances ; 
hence  until  it  is  made  compulsory ,  I  do  not  anticipate  much 
improvement. 

In  submitting  this  paper  I  do  not  claim  that  the 
different  types  of  houses  illustrated  are  perfect,  but  I  cer- 
tainly think  they  suit  the  conditions  for  which  we  have  to 
provide  acid  which  will  go  far  to  eliminate  what  I  might 
term  annual  epidemics  of  cholera,  etc.,  in  the  colliery 
districts. 

Plate  4  is  a  general  outline  of  housing  a  colliery 
staff  and  work-people,  showing  filtered  water  supplied  to 
all  dhowrahs,  cattle-sheds,  latrines  and  bath-rooms. 

The  question  will  probably  be  asked,  "Why  supply 
filtered  water  to  every  place  ?" 

We  all  know  the  miner  will  use  the  water  nearest  to 
him,  hence  I  consider  it  safer  to  supply  filtered  water  every- 
where on  a  colliery.  I  would  also  suggest  that  all  stag- 
nant tanks  in  the  vicinity  be  emptied  by  the  end  of  Feb- 
ruary each  year  ;  but  overflowing  tanks  have  proved  them- 
selves valuable  assets  on  a  collier}-. 

From  the  plan  it  will  be  found  that  I  have  endeavoured 
to  keep  the  different  castes  separate  from  one  another, 
but  generally  this  arrangement  would  have  to  be  governed 
by  the  space  available. 

A  drainage  system  is  also  shown  for  the  whole  colliery, 
and  this  likewise  would  have  to  be  governed  by  conditions 
on  the  surface.     It  may  be  necessary  to  arrange  for  two  or 
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more  cesspools.  The  size  of  cesspools  is  governed  by  the 
maximum  labour  to  be  provided  for  ;  they  should  be  cleaned 
and  disinfected,  say,  once  a  week.  The  deposit  from  cess- 
pools can  be  burnt  with  the  refuse  from  dhowrahs  and 
afterwards  disposed  of  to  fertilize  the  fields. 

Each  open  drain  in  the  dhowrah  lines  can  be  sealed 
off,  where  it  joins  with  the  main  pipe  drain,  with  an  or- 
dinary cast-iron  water-sealed  trap.  The  drains  are  made 
up  of  earthenware  pipes.  This  also  applies  to  latrines, 
baths,  etc. 

Ventilators  are  shown  to  be  raised  20  ft.,  which  en- 
sures good  ventilation.  The  water  from  the  baths  and 
latrines  would  flush  and  continue  to  keep  the  drains  clean. 
A  better  arrangement  would  be  to  fit  an  automatic  flush- 
ing tank  at  the  highest  point  of  each  section. 

Plate  5  shows  a  type  of  house  the  Santhal  is  likely 
to  take.  He  will  not  live  in  a  pucca-roofed  house  as  a  per- 
manent dwelling.  This  has  a  total  floor  space  of  150  sq. 
ft.  A  door  and  window  are  fitted.  These  houses  would 
have  to  be  built  separately  as  shown  on  Plate  4,  Santhals 
and  Koras  having  an  aversion  to  living  in  a  line  of  attached 
huts.  It  is  also  necessary  to  provide  them  with  a  thatched 
roof  under  which  to  celebrate  "poojahs",  etc.  The  foun- 
dations are  pucca  brickwork  to  ground  level ;  the  walls  are 
"kutcha-pucca"  and  pointed  outside,  with  a  mud  plaster 
inside. 

The  floors  are  made  of  kutcha-pucca  brickwork. 

The  roof  is  constructed  of  4"  wood  rollahs,  bamboos 
and  country  tiles.  The  average  floor  space  allowed  is 
75  sq.  ft.  per  person.  I  have  known  Santhals  and  Koras 
to  forsake  a  whole  line  of  houses  in  one  of  which  a  case  of 
sickness  or  death  has  occurred,  and  that  particular  line 
afterwards  was  considered  unfit  by  all  other  classes  of  labour 
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and  the  dhowrah  was  levelled  to  the  ground  in  conse- 
quence. 

Plate  6  shows  a  shed  for  housing  cattle,  which 
ought  to  be  kept  at  least  200  ft.  away  from  all  other 
dhowrahs.  The  water  is  laid  on  for  cleaning  purposes. 
Drains  are  on  either  side.  The  floor  slopes  from  centre 
to  drains  on  either  side.  The  walls  are  kutcha-pucca  and 
the  iron  roof  is  raised,  as  shown,  to  facilitate  ventilation. 

Plate  7  shows  a  line  of  houses  which  I  consider  that 
almost  all  classes  of  labour  should  take  to.  There  are 
latrines  for  male  and  female,  also  bathing  rooms.  The 
houses  are  provided  with  doors  and  windows  and  ventila- 
tors in  roof.  Each  of  the  houses  has  a  total  floor  area  of 
150  sq.  ft. 

The  roof  is  made  of  P.  W.  rails  and  old  wire  ropes 
inter-laced,  concrete  and  cement  plastered,  with  pucca 
foundation  and  kutcha-pucca  walls.  They  are  pointed 
outside  and  mud-plastered  inside.  The  floor  is  made  of 
kutcha-pucca  brickwork. 

Plate  8  shows  a  similar  type  of  house  to  Plate  7, 
but  has  a  compound  wall  and  purda  wall.  This  house 
will  suit  the  skilled  workman  who  generally  has  his  family 
with  him.  The  latrines  are  made  of  pucca  brickwork  foun- 
dation and  cemented  ;  angle-iron  standards  and  corrugated 
iron  sheeting  form  the  roof. 

Plate  9  represents  a  Babu's  quarter.  The  foundations 
are  pucca  brickwork  to  plinth  level,  kutcha-pucca  walls  to 
within  one  foot  of  girder  levels,  pucca  brickwork  to  girder 
levels  and  kutcha-pucca  above  that  level.  The  walls  are 
pucca  plastered  inside  and  pointed  outside.  The  roof  is 
reinforced  concrete  and  the  floor  is  6"  concreted  and 
cement  plastered.  The  bath-room  is  of  the  open  type,  and 
the  water  is  laid  on.    The  privy  is  similarly  constructed 
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with  a  galvanized  iron  tank  underneath.  The  cook-room 
has  kutcha-pucea  walls  and  is  roofed  in  the  manner  des- 
cribed for  the  main   room  in  which  the  Babu  lives. 

Plate  10  shows  the  house  built  for  our  friends  the 
Santhals  and  Koras  to  celebrate  their  Poojah,  etc  ;  the 
roof  is  supported  on  four  pillars  of  pucca  brickwork  and 
7"  Sal  timber  in  centre  and  along  ridge  of  roof  (treated 
with  mortant)  and  4"  rollahs  and  straw- thatched. 

Plate  11  shows  a  covering  for  a  well  which  is  provided 
for  the  Santhals,  Koras,  and  Bouri  castes.  They  will  not 
take  drinking-water  from  the  stand-pipes,  preferring  well- 
water  ;  and  when  well-water  is  not  available  they  take 
from  the  nearest  pool  or  tank  whether  it  be  stagnant  or 
otherwise,  with  results  better  known  than  described. 

The  walls  are  of  pucca  brickwork  and  cement-plastered. 
The  frame  is  of  2"  angle-iron  to  carry  pulley.  The  open- 
ing is  2'.  Some  recommend  closing  well-tops  completely, 
but  from  my  experience  I  do  not  agree  with  this  sugges- 
tion. I  quite  expect  the  question  to  be  asked,  "  Why  no 
drain  around  the  well 3 ' '  Where  drains  are  provided ,  the 
labour  use  them  for  washing  clothes,  utensils,  etc.,  which  I 
consider  is  a  great  source  of  danger.  The  ground  around 
the  well  should  be  sloped  off  away  from  well. 

Costs.  The  costs  given  for  pucca  houses  include  cost 
of  latrines,  etc.,  at  pre-war  rates. 

DISCUSSION   ON   Mr.    EVANS'S   PAPER. 

Mr.  C.  H.  McCale  in  opening  the  discussion  said  that 
Mr.  Evans's  paper  opened  out  a  very  important  subject. 
The  experiences  of  the  members  present  might  differ  from 
each  other,  and  probably  did,  and  it  was  open  for  them  to 
bring  forward  the  results  of  their  experience. 

Mr.  G.  F.  Adams  said  that  the  question  of  the  housing 
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of  labour  had  been  coming  more  and  more  to  the  fore  ever 
since  the  Institute  was  founded.  As  they  were  aware,  a 
Committee  dealing  with  the  subject  in  the  province  of 
Bihar  and  Orissa,  had  recently  framed  a  report  which  was 
now  under  the  consideration  of  Government.  Mr.  Evans 
in  his  paper  made  the  assertion  that  the  houses  in  the 
miners'  villages  were  invariably  inferior  to  those  they  live 
in  when  at  the  collieries.  He  (Mr.  Adams)  did  not  think 
that  this  was  so.  In  the  native  village  houses  had  more 
room  and  more  privacy.  He  would  like  to  ask  Mr.  Evans 
what  he  meant  by  "  inferior."  It  had  been  suggested  that 
the  probable  solution  of  the  housing  of  labour  problem 
in  Jharia  (which  was  a  different  problem  from  that  of  the 
lower  district,  where  more  land  and  open  space  were  avail- 
able) would  be  that  some  day  we  might  go  off  the  coal-field 
altogether,  though  not  far  off,  for  the  provision  of  land  for 
houses.  For  the  next  few  years  this  problem  would  be 
more  thought  about  and  talked  about  than  it  had  been  up 
to  now. 

Mr.  G.  C.  Lathbitrv,  in  describing  the  houses  of  the 
miners  working  in  the  Giridih  coal-field,  pointed  out  that  in 
Giridih  the  conditions  were  somewhat  different  from  those 
of  the  Jharia  or  Raniganj  districts.  The  miners'  houses 
were  generally  very  similar  to  the  houses  they  lived  in  in 
their  own  villages.  The  labourers  have  a  great  objection 
to  pucca  floors.  They  much  prefer  earth  which  is  laped  and 
easily  kept  clean,  and  if  necessary  renewed.  The  ashes 
and  refuse  from  the  houses  are  disposed  of  by  being  scat- 
tered over  the  land  and  ploughed  in.  This  system  of 
course  is  feasible  only  where  there  is  a  good  deal  of  spare 
land.  In  Giridih,  so  far  as  the  settled  labour  is  concerned, 
it  is  customary  for  the  miner  to  build  his  own  house,  the 
olliery  supplying   the  roofing  material.     He  thus  has  a 
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special  interest  in  his  house,  takes  a  pride  in  keeping  it  in 
order,  and  thinks  twice  before  leaving  it.  Each  house  is 
surrounded  by  its  own  bit  of  bari  land  (about  \  bigha) 
which  the  occupant  cultivates.  The  workers  at  Giridih 
are  of  many  varieties, — Hindus  of  every  caste,  Mahome- 
dans,  and  Sonthals.  The  percentage  of  Sonthals  is  less 
than  10. 

Mr.  T.  S.  Gibson  said  that  for  some  time  he  had  been 
making  experiments  with  a  view  to  finding  out  what 
would  please  his  labour  (chiefly  Sonthals)  most.  He  had 
'tried  flat  roofs,  sloping  roofs,  tiles,  etc.,  but  ultimately 
came  back  to  the  position  of  allowing  the  Sonthal  to  build 
his  house  just  as  he  wanted.  The  Sonthal  does  not  like  a 
pucca  roof.  He  likes  mud  walls  with  a  straw  roof  and  a 
little  land  around  his  house.  In  these  conditions  he  is  per- 
fectly happy,  and  a  settlement  laid  out  on  these  lines  is  a 
great  deal  cleaner  than  the  continuous  line  of  pucca  cooly 
huts  that  is  often  seen. 

Mr.  Glen  George,  while  largely  agreeing  with  the 
preference  of  the  Sonthal  lor  kutcha  walls  and  straw  roofs, 
was  of  the  opinion  that  we  should  not  cater  for  the  Sonthal 
particularly,  as  there  are  large  numbers  of  labourers  to  be 
had  willing  to  occupy  the  arched  dhowrahs.  Speaking  per- 
sonally, he  detested  the  straw  roof  and  mud  wall.  He 
found  that  they  were  expensive  in  the  long  run,  difficult 
to  repair,  and  on  the  whole  the  unhealthiest  type  of  hut.  It 
was  a  difficult  matter  to  exercise  supervision  over  hut  re- 
pairs, and  each  hut  had  to  be  carefully  checked  in  this 
matter.  With  arched  dhowrahs  this  difficulty  practically 
disappeared.  The  cost  of  a  substantial  type  of  dhowra 
with  ferroconcrete  roof  was  Rs.  130,  and  back  to  back 
dhowras  could  be  built  for  Rs.  60  each.  From  the  point 
of  view  of  management  long  lines  of  pucca  dhowras  were 
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the  best  to  adopt,  and  he  was  of  the  opinion  that  legisla- 
tion to  enforce  the  construction  of  a  sane  and  practical 
type  of  miners'  house  was  highly  desirable. 

Mr.  F.  Owen  stated  that,  so  far  as  his  experience  of 
Sonthals  went,  they  liked  to  live  in  family  groups,  with 
each  group,  so  to  speak,  in  its  own  square  or  quadrangle. 
He  found  them  clean  and  careful  of  their  homes.  There 
were  many  settled  Sonthal  miners  at  Dishergarh,  who  had 
grown  up  from  childhood,  and  now  with  their  families,  were 
still  living  in  the  same  place.  He  found  that  for  perma- 
nent settlement  the  Sonthals  will  not  live  in  pucca  houses. 

Mr.  Glen  Geovge  recalled  one  occasion  when  he  was 
personally  going  round  during  hut  repairs.  The  huts  were 
of  the  type  with  pucca  walls  and  a  thatched  roof.  He 
asked  a  woman  if  they  would  be  willing  to  live  in  khap- 
rail-roofed  dhowras.  She  said  they  would  be  quite  willing 
provided  one  dhowra  had  a  thatched  roof  for  "puja"  pur- 
poses 

Mr.  F.  Owen  said  that  the  Sonthal  might  be  willing  to 
live  in  a  hut  tiled  over  the  top  of  a  straw  thatch,  but  he 
did  not  think  he  would  live  permanently  in  a  pucca-roofed 
hut,  or  in  a  hut  with  only  tiles  on. 

Mr.  Geo.  Crawford  stated  that  he  had  found  his 
labour  willing  to  live  either  under  tiles  or  straw.  Only 
one  house  needed  to  be  straw  thatched ,  which  was  used 
for  religious  purposes.  His  labour  included  every  caste, 
but  very  few  of  them  were  Sonthals. 

Mr.  Thos.  Samson  enquired  whether  Mr.  Glen  George 
had  any  pucca  dhowras  in  which  the  Sontha  Is  were  willing 
to  live  throughout  the  year.  He  further  remarked  that  in 
the  collieries  under  his  jurisdiction,  there  were  none  of  the 
permanently  settled  Sonthal  labour  living  in  pucca 
dhowras. 
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Mr.  Glen  George  in  reply  said  that  they  would  not 
live  permanently  in  arched  dhowras,  but  they  would  in 
khaprail-tiled  dhowras. 

Dr.  G.  W.  Thompson  said  that  provided  plenty  of  land 
were  available,  the  Giridih  method  of  housing  the  labour 
would  be  the  best,  but  if  land  were  scarce,  as  it  is  in  the 
Jharia  field,  then  lines  of  houses  must  be  adopted.  The  case 
of  an  old  colliery  must  be  regarded  as  very  different  from 
that  of  a  new  one.  The  first  thing  to  be  done  is  to  choose 
the  line.  If  the  ground  slopes  from  north  to  south,  then 
the  lines  should  be  built  to  run  north  to  south,  so  that 
the  drainage  from  one  line  would  not  run  down  to  the  rest. 
The  houses  should  be  roomy,  well-ventilated,  and  weather 
proof,  the  material  being  a  secondary  consideration.  Vil- 
lage housing  is  generally  much  superior  to  that  on  col- 
lieries. Mr.  Evans  presupposes  a  plentiful  water-supply ; 
this  is  not  available  everywhere  in  the  Jharia  field  during 
the  hot  weather. 

Bacteriological  investigation  has  shown  conclusively 
that  stagnant  tanks  are  safer  than  overflowing  ones  injthat 
they  possess  a  considerable  power  of  self -purification.  In- 
deed the  basis  of  all  water-suppty  systems  is  storage,  and 
storage  for  24  hours  reduces  the  number  of  organisms  by 
80%.  Mr.  Evans's  cesspools  are  apparently  silt  traps; 
they  do  not  collect  the  whole  sullage  for  removal  after- 
wards. Refuse  once  burnt  is  not  of  much  use  as  a  ferti- 
liser. He  suggested  a  system  of  drains  having  automatic 
flush  tanks  at  intervals,  and  situated  near  washing  plat- 
forms. Closed  drains  cause  trouble  as  the  miner  does  not 
mind  what  is  passed  into  them.  The  water-supply  pipe 
line  should  not  be  the  same  as  that  of  the  drainage 
system. 

He  pointed  out  that  Mr.  Evans  appeared  to  have  over- 
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looked  the  importance  of  the  floor  level.  The  level  of  the 
floor  should  be  above  that  of  the  adjoining  ground.  Ash 
bins  are  now-a-days  prohibitive  in  price,  but  ash-pits  may 
be  used  and  these  should  not  be  large  but  sufficient  to 
hold  a  week's  refuse.  They  must  be  emptied  at  least  once 
a  week.  The  interval  of  a  week  is  not  chosen  at  random, 
but  should  be  adhered  to  because  flies  breed  in  the  ash- 
pits and  the  fly  takes  10  days  to  mature. 

Latrines  will  not  be  used  unless  their  use  entails  less 
trouble  to  the  coolie.  Central  installations  will  only  be 
used  by  those  residing  in  the  neighbourhood.  Probably 
multiple  small  latrines  will  prove  best,  the  nightsoil  being 
disposed  of  by  incineration,  and  if  this  be  done,  then  the 
separation  system  will  be  best. 

Mr.  G.  F.  Adams  asked  Dr.  Thompson  how  much 
higher  the  floor  should  be  than  the  surrounding  level. 

Dr.  Thompson  said  that  from  3  to  6  inches  would  be 
sufficient  in  the  case  of  pucca  floors 

Mr.  C.  H.  McCale  asked  Dr.  Thompson  whether  he 
understood  him  to  say  that  an  overflowing  tank  with  clear 
water  running  in  and  out  straight  from  an  old  pit  was  a 
source  of  danger.  His  experience  was  that  stagnant  tanks 
have  always  been  traced  to  be  a  source  of  infection  during 
cholera  seasons.  Constantly  overflowing  tanks  were  not 
dangerous. 

Dr.  Thompson  replied  that  joras  were  the  most  danger- 
ous source  of  infection .  At  the  break  of  the  rains,  if  the  on- 
set is  sudden  on  to  ground  which  appears  as  impervious  as 
iron,  much  faecal  material  is  washed  into  the  streams,  and 
since  the  amount  of  water  in  them  is  small  the  pollution 
is  concentrated.  If  the  onset  is  accompanied  by  drizzling 
rain,  and  the  surface  is  pervious,  then  a  certain  amount  of 
filtration  is  accompanied  before  the  stream  is  reached. 
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The  size  of  the  tanks  is  very  important,  and  it  is 
proved  that  grossly  contaminated  water  is  only  to  be  found 
in  the  shallows  near  the  bank,  hence  the  larger  the  tank 
the  safer  it  is,  since  the  margin  is  proportionately  less. 
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The  conditions  prevailing  at  various  mines  render  it  an 
advantage  to  deal  with  certain  factors,  to  be  taken  into 
consideration  before  drawing  up  a  definite  scheme,  and 
these  notes  are  only  a  very  rough  suggestion  of  lines  on 
which  certain  preliminaries  should  be  dealt  with. 

One  need  not  here  go  into  the  necessity  of  the  system, 
as  attention  to  its  obvious  importance  was  referred  to  in 
the  Presidential  address  of  Mr.  R.  G.  M.  Bathgate  at  the 
annual  meeting  of  the  Institute  (January  26th,  1917). 

The  results  of  the  trial  installation  at  Ballarpur  (see 
Transactions  of  the  Mining  and  Geological  Institute  of 
India,  Part  2,  Vol.  X)  are  by  no  means  finally  convincing. 
In  that  particular  mine  after  34,000  tons  of  sand  had  been 
flushed  through  cast-iron  pipes,  the  pipes  were  scored  about 
iV  deep. 

In  some  of  the  more  extensive  mines  in  the  Jharia 
and  Raniganj  fields,  this  tonnage  represents  perhaps  only 
one  or  two  months'  output,  and  this  being  the  case,  the 
wear  referred  to  would  be  sufficient  to  warrant  the  most 


[Vol.  XII.   1918.1     HYDRAULIC   STOWING    IN    MINES.  1)1 

careful  investigation,  especially  in  consideration  of  the 
exhaustive  data  from  continental  coal-fields  (see  Transac- 
tions of  the  Manchester  Mining  and  Geological  Society, 
Part  XIV,  Vol.  XXXIII). 

Looking  at  the  matter  first  from  a  purely  hydraulic 
standpoint,  the  following  points  are  quite  elementary  :  — 

(a)  '  he  loss  in  friction  is  proportional  to  the  length 

of  the  pipe  ; 

(b)  it  varies  nearly  as  the  square  of  the  velocity  ; 

(c)  it  varies  inversely  as  the  dia.  of  the  pipe ; 

(d)  it  increases  with  the  roughness  of  the  pipe ; 

(e)  it  is  independent  of  the  pressure  in  the  pipe. 

It  may  be  mentioned  here  that  the  question  of  intro- 
ducing some  lubricating  element,  equivalent  to  the  nodules 
of  clay  mentioned  in  the  above  report,  is  possibly  worthy 
of  close  consideration  in  its  effect  of  reducing  wear. 
In  assuming :  — 

L  as  the  length  of  the  pipe, 

D  as  the  dia.  of  the  pipe, 

V  as  the  mean  velocity  of  flow, 

F  as  a  coefficient  depending  upon  the  roughness  of 

the  pipe, 
Z  the  resistance  due  to  friction, 

then,  L      V* 

Z  =  F  X  -=;  X  —  • 

D       2g 

The  value  of  the  coefficient  of  friction ,  designated  F ,  natural- 
ly varies  according  to  the  velocity  and  diameter  of  the  pipe 
and  this  may,  for  smooth  cast-iron  or  wrought-iron  pipes, 
be  taken  as  follows  when  considering  the  flow  of  water 
only  ;  the  retarding  effect  caused  by  the  introduction  of 
sand  is  dealt  with  further  on  : 
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•0235 
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8 
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IO 

•8333 

■0257 

■0244 

■0234 

■0227 

•0223 

•0219 

•0213 
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•0205 
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12 

i-oooo 
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■0237 
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•0214 

•0208 

■0203 

•0200 

•0197 

If  a  6"  pipe  is  assumed  and  a  velocity  of  flow  10  feet  per 
second,  the  coefficient  for  this  would  be   022. 

Thus  with  a  pipe  3,000  feet  long,  the  loss  of  head  due 

to  friction  is  :  — 

3000  io2 

Z  =  022  x  — —  x z  =  205  Ieet- 

•5        2x32-16 

In  the  case  of  a  comparatively  short  pipe,  it  may  be  neces- 
sary to  consider  losses  due  to  the  sudden  enlargement  or 
contraction  of  pipes,  also  elbows  or  bends,  but  where,  as  is 
usually  the  case,  the  length  L  is  greater  than  1,000  D ,  the 
velocity  head  and  loss  of  head  at  entrance  will  be  so  small 
in  comparison  to  frictional  losses,  as  to  be  negligible.  In 
the  latter  case  we  may  solve  for  velocity  as  follows  : — 

From  the  table  of  frictional  coefficients,  it  will  be  seen,  this 
depends  on  V ,  and  if  a  head  of  250  feet,  pipe  6"  dia.  and 
length  3,000  feet,  be  considered,  the  first  requirement  will 
be  the  velocity.  Since  F  depends  upon  T",  which  is  un- 
known, it  is  necessary  to  take  a  trial  and  mean  value  for 
F,  and  we  would  in  fixing  this  bear  in  mind  the  dia.  of  the 
pipe,  and  then  solve  for  V.  This  gives  an  approximate 
value  for  V  from  which  to  find  a  new  value  of  F,  and  solve 
again  for  I\ 

The  last  value  of  F  should  be  practically  the  same  as 
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given  in  the  table  for  the  V  last  found ,  otherwise  the  last 
value  of  V  must  be  taken  as  a  basis  from  which  a  new 
value  may  be  found. 

Thus  in  the  case  under  review  we  get : — 


/  HP 
^  F*V 


^=8-02^/  r  ,  assume  F  =  "0233, 

T-  O  /         250X1/2  , 

.-.   V  =S-02  ^Z  — -io-6. 

v     0233x3000 

The  difference  in^value  F  corresponding  to  a  difference  in 
velocity  of  io*6  -  10  =  -6o. 

0220-0216 
This  gives x  -6  =  -oooi  2 . 

Therefore  the  value  F  corresponding  to  a  velocity  of  106 
per  sec.  is  -0220  -  "00012  =  •0218.  We  can  now  substitute 
this : — 

T7  O  /        25°   X  l/2 

^=8-02^  — ^ i =  11. 

•0218x3000 

We  can  check  the  above  and  perhaps  obtain  results  more 
readily  by  assuming  the  required  velocity,  dia.  of  pipe,  and 
length,  substituting: — ■ 

„     /222  FL         I\ 

„   rZ22  X022  X3000        I  \ 
=  •07(10)*  ( ^ +  -)  =207-2. 

In  this  case  we  take  F  =  -022  direct  from  the  table. 

To  check  velocity  11  feet  per  second,  250  feet  head  by 
formula  above. 


,  /  -222  x -021.8  x  3000     I\ 


=  24859  feet  head   against   250   by    previous 
method. 
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Generally  speaking,  we  may  in  long  pipes  ignore  losses 
due  to  entrance  bends  variations  in  pipe  sections,  but 
usually  C ,  the  symbol  for  the  sum  of  all  this,  may  be  taken 
at  -5.  To  this  may  be  added  the  coefficient  due  to  friction 
at  bends  required  to  take  the  pipe  to  its  goaf  position. 

Let  us  take  a  case  as  before,  pipe  6"  dia.,  length  3,000 
feet,  velocity  10  feet  per  second. 

For  these  conditions,  a  head  of  207-2  was  necessary, 
assuming  a  perfectly  straight  pipe. 

If  we  introduce  T2  bends  each  set^at  an  angle  of  80° 
with  a  radius  of  12  inches-,  in  this  case  we  may  take  the 
formula  : — 


H 


F«(i+Fx'§  +  C) 


6432 

The  coefficient  C  can  be  derived  from  the  following : — 

'-       -i        2       -3        4       -5       -6       7       -8         -g       i-o 

KC    -131   -138   -158  -206  -294  -440    661  -977  1-408  1/978, 
which  gives  the  values  of  the  coefficient  for  circular  bends 

y 

in  the  terms  of  —  ,  where  r  equals  radius  of  pipe,  and  R  = 

radius  of  bend. 

r      3 
In  this  case  ^  =  —  =  '25. 

R     12        J 

The  coefficient  for  a  ratio  of  '2  equals  "138,  and  for  -3  equals 
158.     Therefore  for  -25  : — 


KC,238±255  =  .I48. 


From  this  we  get 


C  =  -5C  +  i2x-i48x  ^  =  1-289. 
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Introducing  C  =  1289  into  the  above 

r«(I+Fx£+c) 

#  = , 

64-32 

ioa  ( 1+022  x^-j (-1-289) 

Therefore    #= * =20878. 

64-32 

Previously,  ignoring  bends,  etc.,  it  will  be  seen  the  result 
was  H  =207-2.  Thus  the  loss  in  head  due  to  the  introduc- 
tion of  12  bends  is  only  20878  -  207-2  =  1-58. 

It  wall  be  thus  seen  in  long  pipes  the  effect  due  to  bends 
is  of  small  importance  as  compared  to  other  frictional  losses. 

It  is  however  with  these  other  frictional  losses  that  we 
are  chiefly  concerned,  and  if  sand  packing  is  to  be  carried 
out  on  definite  lines,  it  will  be  necessary  to  find  out  the 
relation  of  head  to  length  of  pipe,  the  ratio  of  sand  to 
water,  and  the  velocity  to  the  size  of  the  pipe.  All  these 
things  will  have  a  defined  relation  one  to  the  other,  and  if 
the  system  is  to  be  carried  out  on  a  large  scale ,  then  it  is 
desirable  to  collect  information  and  experiment,  so  that  a 
basis  may  be  established  for  common  use. 

While  it  may  be  an  exhaustive  matter  to  derive  suit- 
able coefficients  for  all  conditions,  there  is  no  reason  why 
the  behaviour  of  certain  mixtures,  such  as  one  part  of  sand 
to  three  of  water,  should  not  have  certain  coefficients  of 
friction  worked  out  for  them,  so  that  the  velocity  (and 
therefore  the  rate  of  supply)  can  be  determined,  or  the 
maximum  length  to  a  certain  head  be  derived  and  the 
cost  of  an  installation  and  its  capabilities  worked  out 
with  some  exactness  prior  to  the  commencement  of  the 
work. 

Certain  experiments  carried  out  by  the  writer  may  be 
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of  interest ;  two  only  are  quoted,  but  they  may  suggest  the 
lines  on  which  more  accurate  results  may  be  derived. 

With  a  4"  pipe,  head  13-96,  length  of  167-60  feet,  the 
velocity  of  water  only  equalled  7-23  per  second.  With 
one  bend  we  get  the  following  coefficient  of  friction  : — 


H  = 


7*  (i+Fx^  +  c) 


6-n; 


n  =  —  =25,  therefore   C=5  +  l  x  -148  x  -Q-  =  -iiio 
R     12        J'  J  189 


Therefore,    1396  = 


.  /  167-6 

723'  ( i-f-jF  x — h'lii 

V  "33 


64-32 
897-9  =  5227(1  +504-8F+tii) 

17-1 — 1111  =  504-8^ 
•0316  =  F. 
Upon  introducing  sand  in  the  proportion  of  1  to  13,  the 
velocity  decreased  to  5-1  feet  per  sec.  thus  :  — 


.  /        ,      ioyo 
5-i*  (i  +  '-  x-f— +  -iii 

64-33 


897-9  =  2&  (1  +  ^x304-8^4-  in) 
35-5—1-111  =504'8F 
■0661  =F. 

Further  with  a  4"  pipe,  head  10-32  feet  one  bend  at  en- 
trance, length  84  feet,  the  velocity  of  the  water  was  9S 
feet  per  second.     Therefore  : — 

84 


9-8*  (i+Fx-|+iii) 


•33 

IO>32=-  -64^2- 
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66378  =  96-04  (I+254-5F+-III) 
69I— I'lII  =254-5^ 

•0227  =  F. 

Introducing  sand  in  the  proportion  1  to  7'68,  the  velocity 
decreased  to  7  feet  per  second,  thus  : — 

10*32= 7-— 

663-78  =  49  (1+254-5^+111) 
1354— iiii  =  254-5  F 
•0488  =  F. 

These  rough  experiments,  together  with  others,  show  that 
the  ratio  of  sand  to  water  varied  in  a  direct  proportion  to 
the  head  and  length,  while  the  frictional  coefficient  was 
doubled  when  sand  was  introduced  to  the  maximum  carry- 
ing capacity  of  the  water 

The  results  however  would  need  to  be  checked  with 
pipes  of  a  greater  head  and  length,  as  the  effect  of  the 
bend  at  entrance  will  be  less  evident  and  the  flow  steadier. 
Roughly  where  the  head  to  length  is  1  to  5,  the  sand  to 
water  will  be  about  1  to  3 ,  or  where  head  to  length  is  1  to 
3,  the  sand  to  water  will  be  about  1  to  1-5,  but  the  capa- 
city of  installation  will  depend  upon  the  velocity  and  size 
of  the  pipes,  and  it  would  be  an  advantage  if  experiments 
on  the  lines  suggested  above  were  carried  out  where  the 
system  was  in  use  so  as  to  determine  the  proportionate 
results  with  some  accuracy. 

To  determine  the  size  of  the  pipe,  it  will  be  necessary 
to  decide  upon  the  rate  at  which  stowing  is  to  be  done. 
When  the  dia.  of  the  pipe  is  assumed  in  feet,  we  get  the 
discharge  in  cubic  feet  =  -7854!)*^.      Thus  in  the  above 
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case  with  a  velocity  of  10  feet  per  second  and  a  6"  pipe,  we 
get  DISC  =  7854  x  -5*  x  10  =  1963  cu.  ft.  per  second. 

The  foregoing  results  will  give  a  rough  datum  of  the 
original  trend  of  inquiries  when  considering  local  condi- 
tions. 

The  velocity  of  discharge  will  bear  a  definite  relation 
to  the  dia.  of  the  pipe  and  its  length.  Hence  the  first  prob- 
lem will  be  the  exact  economical  ratio  of  the  head  to  the 
underground  lead,  whether  it  would  be  more  economical  to 
put  down  a  series  of  boreholes  direct  to  the  workings  or  to 
establish  only  one  or  two  feeding  points  at  the  surface  with 
long  underleads. 

This  will  depend  on  : — 

(1)  Rate  of  stowage  required. 

(2)  Nature  of  strata  for  boring. 

(3)  Quantity  of  water  available. 

(4)  Grade  or  slope  to  goaf. 

(5)  Velocity  of  mixture. 

It  should  be  remembered  there  will  be  a  limit  to  the  mini- 
mum velocity  of  the  mixture,  otherwise  the  sand  held  in 
suspension  will  settle,  and  gradually  increase  frictional 
losses  until  movement  practically  ceases. 

In  like  manner  high  velocities  will  result  in  abnormal 
and  costly  wear. 

Pipes  being  generally  made  in  even  dimensions,  should 
calculations  call  for  a  fractional  size,  it  would  be  better  to 
adopt  a  larger  size  in  even  inches,  should  rivetted  pipes  be 
used,  a  considerable  allowance  might  be  made  for  the  re- 
duction of  carrying  capacity  due  to  rivet  heads. 

The  relative  specific  gravity  of  water  and  sand  would 
be  1  •  o  :  1  •  7 .  Thus  the  wear  due  to  friction  on  the  pipe  would 
be  less,  the  more  water  used. 
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It  would  however 'have  to  be  considered  that  this 
would  result  in  proportionately  heavy  pumping  (to  remove 
water  after  it  had  been  used  for  stowing),  and  it  would 
remain  to  be  determined  which  would  be  more  economi- 
cal. 

Having  determined  upon  the  output  and  velocity,  it 
will  be  a  simple  matter  to  gauge  the  head  required ,  and  to 
work  out  the  most  convenient  feeding  point  at  the  sur- 
face, and  to  judge  the  correctness  of  the  dimensions 
adopted.  Thus  where  the  head  is  inconsiderable,  it  would 
p  )ssibly  be  an  advantage  to  put  down  two  or  more  bore- 
holes or  to  supplement  the  head  by  the  introduction  of  a 
pumping  unit. 

The  disposal  of  the  flush  water  and  its  clarification 
are  important.  The  H.P.  necessary  to  elevate  the  waste 
water  back  to  the  surface,  would  in  this  preliminary  in- 
vestigation be  :  — 

W  xH 

HP  = where  W  =  weight  of   water ,  elevated 

33000 

per  minute,  and  H  =  height  in  feet. 

Assume,  ignoring  water  friction,  the  water  equals  go 
cubic  feet.  90x62  =  5580  lb.  at  a  height  of  2072  feet. 
Therefore 

Hp  =558ox  2072 
33000 

In  certain  mines  where  the  seam  is  steep  enough,  it 
may  be  cheaper  to  flush  the  sand  to  the  workings  through 
a  flume  or  trough.  This  can  be  done  when  the  angle  is 
15 °  or  even  less,  if  the  ratio  of  sand  to  water  is  high. 

It  may  be  necessary  to  bring  the  flushing  water  from 
a  distance,  especially  as  the  sand  would  be  more  readily 
available  in  the  dry  seasons.     If  the  distance  is  consider- 
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able  and  the  grade  favourable  the  open  flume  may  be  more 
economical  than  a  pipe  line.  For  this  reason  and  others 
which  will  be  dealt  with  later,  it  may  be  convenient  here 
to  look  into  the  question  of  the  method  of  ascertaining 
the  capacity  of  a  flume. 

For  example,  let  us  assume  that  2500  gallons  of  water 
are  required  per  minute :  this  is  roughly  7  cubic  feet  per 
second. 

The  flume  may  be  considered  rectangular  in  shape  and 
it  should  have  a  depth  equal  to  about  half  the  width. 

To  ascertain  the  dimensions  of  a  flume  to  carry  a  given 
quantity  of  water  is  difficult,  involving  as  it  does  the  solu- 
tion of  an  equation  of  the  sixth  degree,  but  it  will  be  con- 
venient to  approximate  it  as  follows  : — 

Seven  cubic  feet  is  required  per  second,  let  the  grade 
equal  say  one  foot  per  mile,  the  width  equal  twice  the  depth 
of  the  flume. 

Let  .Y=the  depth,  then  width  =  2.Y,  and  the  wetted 
perimeter  =  2.Y4-  X  +X  =  4X. 

The  area  of  the  water  cross  section  will  be  2X1,  and 

the  hydraulic  radius  2Ar:  divided  by  4X  ■= '—  ■ 

The  slope  equals  1  divided  by  5280=  -00019  ;  and  since 
the  discharge  equals  7  cubic  feet  per  second,  the  mean  velo- 
city equals  7  divided  by  2X1  =  —~  • 

2X 

If  we  take  F  =  mean  velocity  in  feet  per  second, 

R  =  hydraulic  radius  in  feet, 

a 
—  p  where  «=area,   P=  perimeter  of  wetted 

section, 

5  =  slope  =  y  , 
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y  i ooooo  RlS 

I  OOOOO     VK/ 

Where  we  require  first  the  size  of  the  flume,  it  will  be  neces- 
sary in  the  first  formula  to  substitute  as  follows  : — 


2.V 

to  simplify  the  above, 


/         x* 

IOOOOO  —  X   OOOIQ 

4 _ 

6-6x^+-46 

-> 


7  /25oooA''2x 


oooig 
46" 


to  square, 


49         475**  47**     „4*4 


x 


4X*     33X  4-  -46     3-3*  4- '40      49 

i8-8X6 A^ ' 

-i6i7X  4-22-54 -8-6.Y +1-19 

=  X6-8-6A*  =  i-i9. 

This  equation  will  need  solving  by  trial ;  assume  a  depth  of 
2  feet  for  X,  then  substituting, 

26- (8-6x2)   should  equal  1-19  =  46*8,  which  is  too 
much.     Again  substituting  1-5  feet  depth, 

i-56-  (8-6x1-5)  should  equal  1-19=  -r8,  which  is 
too  little.     Substituting  1/6  feet  depth, 

i-66-  (8-6xi-6)  =  14-08  -  137  =  -51    against    1-19, 
which  is  near  enough. 

The  depth  may  therefore  be  taken  at  about  i'6i  feet, 
and  this  will  give  a  width  of  3-22  feet. 

To  roughly  check  the  above  and  find  the  discharge  in 
cubic  feet  per  second, 
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here  A  =  3-2  xi-6=5-i2,    P  =  3-2+r6  +  it=6'4,  and  R  is 

therefore  v- -  =  "8 ,  and  S  =  — t—  =  -oooiq. 
6-4  5280 

,_.,  .  TT     /iooooo  x  -8'2  x  -oooiq 

Th.sg.ves,  -t   y-6.6x,8+.46 


-y 


04000  x  -oooiq 

=  1*4  feet  per  see. 


5-28  + -46 

The  discharge  will  therefore  equal  area  by  velocity,  or 
5 -12  x  14  =  7-168  cubic  feet  per  second,  and  it  will  be  seen 
that  the  water  given  earlier  worked  out  at  7  cubic  feet  per 
second,  so  the  size  of  the  flume  and  the  grade  would  be 
suitable. 

To  work  out  the  required  grade,  5  would  be  simple, 
once  the  dimensions  of  the  flume  were  decided  upon. 

Take  the  case  above,  width  3-2,  height  i*6,  we  have, 


6-bfl  +  -4b/7\ 
iooooo    \R' 

3-2  xi-fc 

•■6+3-2+ 1-6 y '  ■*"  /      14 


,/    3-2x1-6    \      , 


IOOOOO 

-3' 


(     3"2xi-6      \ 
M-6+3-2  +  I-6  ' 


=  _44£9_=  8 

25,00,000  ' 

TJ 

therefore,  5  =  -=^=  -000178, 

TJ 

for  one  mile  S  =  — -z-  =  -000178 

5280  ' 

H  =  -000178  x  5280  =  -93q. 

Practically  one  foot  per  mile,  agreeing  with  the  previous 
conditions. 
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Regarding  the  pipes  to  be  employed,  we  may  con- 
sider : — 

(a)  Cast-Iron. 

(b)  Wrought-Iron. 

(c)  Wood. 

(d)  Terra  cotta. 

(e)  Porcelain-lined. 

The  shape  would,  in  comparatively  small  installations,  be 
circular,  but  ovoid  pipes  may  be  considered  in  special  cases. 

It  will  prove  economical  to  employ  thicker  cast-iron 
pipes  for  this  purpose  than  is  usual  for  water  only,  and  in 
no  case  is  it  advisable  to  employ  them  under  \"  thick,  as 
the  tensile  strength  is  low  and  uncertain. 

If  cast-iron  pipes  for  economic  reasons  must  be  em- 
ployed, it  is  advisable  to  have  them  as  thick  as  possible  ; 
for  instance,  assume  outer  diameter  7",  inner  diameter  6", 
then  area  of  effective  section  =  38-484  -  28-274  =  10-210. 
If  we  increase  the  outer  diameter  to  7 -5",  the  extra  metal 
over  the  above  would  be  44-178 -38-484  =  5-694  square 
inches  section.  Thus  for  scarcely  more  than  half  as  much 
more  metal,  the  life  of  the  thicker  pipe  will  be  double  as 
long  as  in  the  first  case,  provided  we  assume  the  pipe  will 
possibly  give  trouble  and  have  to  be  discarded  when  its 
thickness  gets  below  say  \  inch. 

As  a  basis  in  gauging  the  thickness  of  a  pipe  for 
water,  assume  : — 

H  =head  in  feet. 
P  =  pressure  per  square  inch. 
W  =  weight  of  a  column   of  liquid    i'-o"  long,. 
1  square  inch  in  cross  section. 

Then,  P  =  WxH. 

For  water  we  may  take  W  =  434. 

Therefore  P  =  -434  H. 
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It  is  usual,  in  figuring  accurately  the  size  of  the  pipes, 
to  make  an  allowance  for  what  is  commonly  known  as  the 
"  water  hammer  or  shocks  due  to  opening  of  valves." 

Taking  T  =  thickness  of  pipe  in  inches. 

P  =  static  pressure  due  to  head  above  the  pipe 

in  sq.  ins.  pound. 
D  =  diameter  of  pipe  in  inches. 
P'  =  allowance  for  water  hammer. 
We  get, 

6600      T    ^ 
P'  may  be  taken  at  the  following  :  — 

Dia.  of  pipe  3  to  10"  120  pounds  sq.  inch. 
Dia.  of  pipe  12  inches  no  pounds  sq.  inch. 
Dia.  of  pipe  16  inches         100  pounds  sq.  inch. 

Let  us  assume  a  6"  pipe,  head  207  feet,  then, 

^  =  •434, 

#  =  '434  x  207  =8976, 

(P+P^D  (8976  +  120)6 

6600      T     3  6600         +  "5~  44' 

Roughly  1/2  inch  thick. 

Wrought-iron  pipes  are  not  particularly  suitable  for 
longitudinal  use,  as  their  cross  section  is  comparatively 
small;  they  have  however  the  advantage  of  long  length, 
resulting  in  fewer  joints,  and  their  fibrous  structure  (if 
uniivetted)  offers  less  resistance  than  granular  sections. 
Their  thickness  may  be  arrived  at  as  follows  : — 

PD 

,  +  •3 

where  T  =  thickness  in  inches. 
£>  =  dia.  of  pipe  in  inches. 
P  =  pressure  in  pounds,  per  sq.  inch,  due  to 
static  head. 
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For  the  underground  lead,  wood  might  be  profitably  em- 
ployed, the  pipes  consisting  of  a  number  of  staves,  their 
edges  bevelled  at  an  angle  radiating  to  the  centre  of 
the  pipe,  and  bound  round  at  intervals  with  steel  ties 
arranged  with  a  take-up  block  to  ensure  efficient  tighten- 
ing. 

The  staves  would  be  i"  to  3"  thick,  dependent  upon  the 
size  of  the  pipe.  Pressures  up  to  200  lb.  per  square  inch 
are  possible,  though  150  lb.  would  be  a  satisfactory  maxi- 
mum. With  higher  pressures  it  is  likely  that  water  would 
be  forced  through  the  pores  of  the  wood. 

The  porcelain-lined  pipe  has  been  fully  dealt  with  else- 
where ;  its  high  cost  will  possibly  prevent  its  adoption  in 
India,  where  coal  is  raised  and  sold  at  a  particularly  low 
figure. 

It  is  possible  the  vitrified  terra-cotta  pipe  may  be  suit- 
able for  underground  use,  as  when  vitrified,  it  is  coated  with 
an  impervious  vitreous  lining  on  which  acids  and  alkalies 
make  no  impression.  The  former  is  an  important  point,  as 
possibly  in  some  cases  a  good  proportion  of  the  wear  will  be 
due  to  the  acidity  of  the  water.  It  may  be  possible  for 
interested  concerns  in  this  country  to  devise  means  of 
materially  increasing  the  vitreous  lining  to  suit  the  peculiar 
conditions  of  use.  The  average  pipe  can  be  made  to  stand 
a  reasonable  pressure,  say  100  lb.  per  square  inch.  The 
joint  will  of  course  be  somewhat  difficult  and  tedious  to 
make. 

In  all  cases  it  will  be  advisable  to  arrange  for  the  pipe 
to  be  turned,  if  desired,  as  the  wear  will  be  greater  on  its 
lower  portion.  Continental  experiments  have  shown  that 
steel  pipes  must  be  changed,  or  turned  over  when  74,500 
cubic  metres  of  stowing  material,  made  up  of  waste  from 
the  washeries,  broken  boiler  clinker,  etc.,  had  been  flushed 
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through  them,  while  the  same  attention  was  necessary  after 
43,200  cubic  metres  of  sand. 

With  cast-iron  pipes  this  was  necessary  after  the 
flushing  through  of  52,000  cubic  metres  of  waste  from  the 
washeries  or  45,800  cubic  metres  of  sand.  The  steel  pipes 
in  this  case  had  a  thickness  of  8  millimetres,  and  an  inter- 
nal diameter  of  185  millimetres.  The  cast-iron  pipes  had 
a  thickness  of  10  millimetres  and  an  internal  diameter  of 
150  millimetres. 

It  will  be  seen  the  above  results  did  not  bear,  as  may 
have  been  expected,  a  proportional  relationship  one  to  the 
other.  (See  Proceedings  of  the  Institute  of  Civil  Engin- 
eers, Vol.  CLXX).  Of  course  the  above  figures  depend 
upon  the  density  of  material  and  stowage  velocity  of  which 
it  is  difficult  to  secure  information. 

Regarding  the  ovoid  pipe,  it  is  doubtful  whether  it  is 
necessary  or  economical  for  use  on  the  Indian  coal-fields. 
Its  claims  were  set  forth  clearly  in  page  531  of  the  Transac- 
tions of  the  Manchester  Geological  and  Mining  Society, 
Part  XIV,  Vol.  XXXIII,  and  it  was  therein  pointed 
out : — 

' '  The  f rictional  coefficient  is  not  always  the  same  when 
the  stowing  steam  is  passing  through  the  piping, 
because,  the  fact  must  be  taken  into  consideration 
that  the  piping  is  flushed ,  not  by  a  homogeneous 
mass,  but  by  a  current  which,  if  ever  so  carefully 
mixed,  is  nevertheless  varying  within  certain  limits 
of  its  composition,  and  exercising  a  certain  pres- 
sure by  its  dead  weight  on  its  basis  along  the  pipe 
layers." 
The  above  however  applies  more  particularly  to  the  Euro- 
pean coal-fields,  where  the  stowing  material  is  singularly 
diverse,  and  often  the  product  of  crushing  plants.      When 
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sand,  however,  is  utilized,  the  mass  becomes  much  more 
homogeneous  in  its  quality.  Also  where,  as  will  be  the  case, 
comparatively  small  pipes  will  be  used,  the  flow  is  likely  to 
be  constant  with  an  almost  maximum  hydraulic  radius. 

In  thAjharia  field,  the  proximity  to  sand  areas  ren- 
ders one  apt  to  overlook  other  sources  of  packing  nearer  at 
hand.  It  might,  for  instance,  be  more  economical  to  re- 
move the  over-burden  covering  coal  verging  on  the  outcrop 
and  utilise  this  if  suitable,  or  even  put  it  through  crushers 
in  order  to  reduce  it  to  its  requisite  fineness,  before  using 
it  in  other  parts  of  the  mine.  There  will  be  several  cases 
where  local  material,  which  requires  crushing,  may  prove 
more  economical  than  obtaining  sand  from  a  distance. 

It  may  be  here  mentioned  that  packing  or  stowing  is 
carried  out  in  a  most  extensive  way  on  the  Rand  Mines  in 
Africa,  the  whole  of  their  tailing's  residue  being  often  uti- 
lised for  this  purpose. 

In  the  cases  of  mines,  where  an  adequate  water-supply 
is  difficult  to  obtain,  or  the  reverse  where  it  is  undesirable 
to  admit  more  water  to  a  mine,  already  burdened  with  an 
excess,  it  may  be  advisable  to  stud}-  methods  to  reduce  the 
quantity  of  water  required  for  stowing  to  an  absolute 
minimum. 

Also  there  will  be  cases  where  the  head  is  not  sufficient 
for  the  purpose  of  stowing.  In  such  cases  it  is  possible 
compressed  air  may  be  of  use.  Plants  for  mixing,  con- 
veying and  placing  concrete  are  already  fairly  common  in 
America.  The  pipes  for  conveying  concrete  vary  in  dia. 
from  3"  to  8",  but  for  the  larger  size  mixers  6"  to  8"  would 
be  a  reasonable  size.  The  pipes  are  generally  of  wrought- 
iron  or  steel,  the  length  depending  upon  the  distance  the 
concrete  is  to  be  conveyed,  and  varies  from  50  to  2,000 
lineal  feet.      At  the  delivery  end  of  the  conveying  pipe,  in 
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order  to  obtain  pliability,  it  is  advantageous  to  use  a  rub- 
ber hose  of  the  same  bore  as  the  conveying  pipe,  and  vary- 
ing in  length  from  6  to  10  feet.  These  installations  are 
capable  of  dealing  with  crushed  stone  up  to  2"  sizes. 

The  method  however  will  possibly  prove  uneconomical , 
as  for  instance,  with  350  cubic  feet  of  free  air  per  minute, 
the  capacity  of  such  an  illustration  at  a  fairly  horizontal 
distance  of  say  100  lineal  feet  would  only  be  12  cubic  yards 
per  hour  or  at  400  lineal  feet,  6  cubic  yards  per  hour. 

To  drive  6  cubic  yards  1,200  lineal  feet  would  require 
about  800  cubic  feet  of  free  air  per  minute.  The  above 
would  apply  to  material  of  the  worst  possible  class,  and  it 
must  be  remembered  the  specific  gravity  of  concrete  in 
cement  is  2  00,  against  the  i'0  for  water  and  17  for  sand  ; 
thus  for  the  relative  mixture  of  water  and  sand  we  get, 

1+1+1+17 
4 
against  the  2  09  of  concrete,  thus  yielding  more  encour- 
aging results. 

It  must  be  remembered  that  in  the  above  rock  of  uni- 
form grade  from  x\"  to  2"  size  can  be  placed  at  a  higher 
rate  than  crushed  material.  Gravel  of  uniform  size  with 
only  a  small  percentage  of  fine  stuff  is  easier  to  convey 
than  where  a  large  percentage  is  comparatively  fine. 

The  nature  of  the  sand  in  pneumatic  conveyors  has 
however  more  to  do  with  the  speed  than  the  rock  or 
gravel.  Some  sands  have  a  larger  percentage  of  loam  or 
other  foreign  matter,  such  as  oxide  of  iron,  rendering  the 
mixture  sticky,  thus  materially  decreasing  the  speed  at 
which  conveying  can  be  carried  out.  Should  the  method 
be  adopted  for  horizontal  stowing,  it  might  be  an  advant- 
age to  install  two  compressor  units,  one  of  say  450-foot 
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capacity,  and  one  of  800  foot  capacity,  the  smaller  com- 
pressor could  then  be  used  for  medium  distances,  and  the 
two  combined  for  maximum  distances.  This  arrangement 
would  result  in  a  marked  saving  of  cost.  It  must  of 
course  be  remembered  that  the  cost  of  compressed  air  for 
conveying  over  say  1,000  lineal  feet  increases  materially 
from  this  point.  This  method  could  possibly  deal  with 
material  such  as  granulated  slag  from  blast  furnaces,  etc., 
which  forms  good  stowing  material. 

Against  the  cost  of  hydraulic  stowing,  the  reduction 
in  the  cost  of  timbering,  etc.,  should  be  allowed  for. 

The  following  points  will  require  attention  when  con- 
sidering the  question  of  transporting  sand  from  its  source 
of  supply  to  the  mines  :  — 

(a)  Accessibility  of  the  sand. 

(b)  Cost  of  transport  to  the  mines. 

(c)  Method  of  packing. 

Whether  the  sand  is  required  for  the  Dishergarh  or  Jharia 
fields,  the  accessibility  of  supply  is  practically  the  same, 
but  in  the  case  of  transport  there  are  two  entirely  differ- 
ent problems  to  be  dealt  with;  one  in  which  mines  are 
near  enough  to  the  river  to  draw  their  supply  of  sand, 
irrespective  of  other  concerns,  and  elsewhere  when  mines 
are  at  such  a  distance  as  to  render  the  capital  outlay 
prohibitive  without  co-operation  with  adjacent  mines. 

The  packing  may  be  deposited  in  a  bin  or  reservoir 
adjacent  to  the  pit,  or  above  the  workings,  and  washed 
down  a  pipe,  the  head  being  sufficient  to  drive  the  sand 
up  to  the  required  position. 

There  will  also  be  cases  where  it  is  possible  to  sink  a 
borehole  in  the  river  bed  and  feed  with  sand  direct ;  in 
this  case  the  pipe  would  need  to  be  fitted  with  valves  at  the 
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surface,  and  also  as  an  additional  safeguard  at  the  foot, 
in  order  that  they  may  be  closed  during  flood  periods. 

Otherwise  the  loading  from  the  river  bed  will,  in  a 
measure,  depend  upon  the  transport  adopted  to  the  mine. 
In  any  case  it  is  safe  to  assume  a  severe  gradient  will 
have  to  be  negotiated  from  the  river  bed  to  the  bank. 
The  work  on  the  bed  will,  in  majority  of  cases,  have  to  be 
of  a  temporary  nature  suitable  for  rapid  removal  and 
therefore  a  separate  unit  to  the  main  lead. 

For  this,  light  belt  conveyors  may  be  suggested ,  one 
or  more  horizontal  on  the  bed  and  the  other  running  up 
the  bank. 

The  maximum  angle  at  which  sand  can  be  dealt  with 
would  be  about  30°,  although  certain  patent  types,  and 
scraper  conveyors,  will  of  course  deal  with  much  steeper 
gradients.  The  horizontal  feed  conveyors  would,  for  pre- 
ference, be  entirely  self-contained,  driven  by  a  motor, 
and  capable  of  being  moved  round  in  a  semi-circle  with 
the  inclined  one  as  a  pivot.  It  would  be  necessary  to  fix 
it  on  rollers  or  skid  plates  to  facilitate  its  circuitous  move- 
ments ;  and  it  could  be  provided  with  a  simple  motor  driv- 
ing attachment  for  the  purpose,  if  necessary. 

A  steam  shovel  is  likely  to  prove  too  heavy  for  the  pur- 
pose, and  with  the  extremely  cheap  labour  of  this  country, 
a  conveyor  appears  the  most  suitable  for  loading.  Should 
an  aerial  gear  be  employed  for  the  lead,  another  type  of 
gear  might  be  profitably  employed.  From  this  point  it 
becomes  necessary  to  inquire  into  local  conditions. 

Assuming  the  case  of  mines  adjacent  to  the  river,  with 
possibly  plenty  of  water,  the  simplest  form  of  negotiating 
the  lead  appears  to  be  an  endless  haulage  in  conjunction 
with  three-ply  rubber  and  canvas  conveyors.  (There  is 
a  possibility  of  the  latter  not  being  required  in  the  case  of  a 
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comparatively  small  amount  of  sand  being  wanted  for  one 
mine).  The  plant  would  be  practically  automatic,  and  we 
might  assume  the  following  conditions.  The  sand  would 
be  loaded  into  an  horizontal  conveyor,  and  thence  to  an  in- 
clined one  leading  into  a  small  loading  hopper  on  the  bank. 
From  this  it  is  fed  into  tip  trucks,  and  these  are  hauled  up 
with  an  endless  haulage  over  a  bin,  and  as  they  pass  over 
are  automatically  tipped  into  it,  and  from  thence  washed 
into  the  mine. 

It  will  be  seen  that  the  constant  supply  of  sand  is  by 
no  means  the  least  important  matter  when  the  tonnage  be- 
comes considerable,  and  it  is  a  debatable  point  as  to 
whether  it  would  not  pay  to  cut  out  a  grade  at  the  bank 
and  have  a  supplementary  haulage  to  the  main  one  and 
run  the  trucks  direct  on  the  bed  of  the  river  whereon  a 
series  of  light  lines  provided  with  flat  steel  sleepers  would 
run.     This  omits  the  conveyors  and  bin  at  the  bank. 

In  the  case  under  review  I  do  not  think  an  aerial 
ropeway  will  prove  any  more  successful  than  the  track, 
and  certainly  would  not  have  the  latter's  capacity  for 
regular  traffic,  but  this  is  dealt  with  later. 

Pumping  the  sand  direct  by  the  medium  of  a  pipe  line 
may  be  suggested,  but  I  do  not  see  that  it  overcomes  any 
more  successfully  the  problem  of  loading  while  the  effect 
of  sand  on  anything  with  which  it  comes  in  contact  is 
familiar. 

It  is  beyond  the  province  of  this  short  note  to  work 
out  definite  projects,  but  it  may  be  here  mentioned  that 
the  dredging  plant  at  the  Port  Talbot  Docks  included  a 
sand-pumping  unit.  This  dealt  with  something  like 
150,000  cubic  yards  of  spoil  with  a  22-inch  pump  and  dis- 
charged it  at  a  rate  of  200  cubic  yards  per  hour  at  a 
point    500    yards   from   the  pump,   and   possibly   further 
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investigation  of  the  suitability  of  such  a  unit  is  warranted 
under  certain  conditions. 

Another  method  ma}T  be  considered  where  the  dis- 
tance to  the  mine  is  comparatively  short,  and  the  sand 
area  is  situated  on  the  far  side  of  the  river  from  the  mine ; 
the  sand  for  packing  would  under  these  circumstances 
need  to  be  (for  a  certain  period  of  the  year)  carried  across 
the  river.     The  scheme  might  be  outlined  as  follows : — 

At  the  river  bank  most  conveniently  situated  for  sand 
excavation,  might  be  set  up  a  tower  up  which  an  elevator 
fed  from  the  sand  deposit  would  run.  This  elevator  might 
be  arranged  also  to  run  horizontally  in  the  bed  so  as  to 
facilitate  loading.  At  certain  times  of  the  year  it  could,  in 
this  case,  be  shortened  to  avoid  flood  water,  and  to  enable 
the  vertical  section  still  to  operate  during  that  season, 
should  sand  be  available. 

The  elevator  would  dump  sand  into  a  flume,  situated 
at  a  sufficient  height  above  the  receiving  depot  at  the 
mine  to  allow  the  material  flushed  with  water  to  gravitate 
to  it. 

The  water  would  be  pumped  up  a  pipe  carried  up  the 
same  tower.  The  proposition  would  necessitate  a  number 
of  frames  or  towers  on  which  the  flume  could  be  carried 
at  a  suitable  grade.  The  latter  would  need  to  be  suitably 
braced  to  withstand  wind  pressure  and  the  load,  the  for- 
mer possibly  proving  the  most  serious  consideration. 

There  may  be  cases  where  it  would  prove  more  advan- 
tageous to  employ  a  pipe  in  the  place  of  the  open  flume, 
so  that  the  head  necessary  to  gravitate  the  sand  may  be 
reduced  and  to  allow  water  to  enter  under  pressure,  thus 
preventing  the  settlement  of  sand  in  transit. 

The  scheme  would  only  necessitate  an  engine  to  drive 
the  elevator  and  the  necessary  pumps.     Further  in  order 
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to  produce  the  necessary  scouring  effect,  the  usual  propor- 
tion of  water  to  sand  might  be  greatly  increased,  and  the 
water  having  completed  its  work  in  taking  the  sand  to  the 
surface  of  the  mine  could  be  drained  off,  and  led  back  to 
the  pumps  by  means  of  a  flume  suitably  graded  and  used 
over  again.  The  sand  could  be  allowed  to  silt  up  into  a 
bin  adjacent  to  the  borehole,  and  the  usual  proportion  of 
water  added  to  lead  it  underground. 

The  capacity  of  flumes  has  been  dealt  with,  but  the 
retarding  effect  due  to  the  introduction  of  sand  requires 
careful  attention,  and  it  is  doubtful  if  such  an  arrangement 
is  economical  beyond  certain  limits. 

In  considering  a  suitable  coefficient  of  friction  for 
troughs  of  various  dimensions  with  varying  velocities  to 
suit  conditions,  it  must  be  observed  that  the  scouring  power 
of  a  flow  of  water  in  an  open  channel  does  not  at  all  times 
bear  a  direct  relation  to  the  velocity  and  depth.  In  other 
words  as  the  hydraulic  radius  is  increased,  it  does  not  fol- 
low that  in  order  for  the  water  to  impart  motion  to  the 
sand,  the  velocity  of  the  water  will  increase  propor- 
tionately. 

Thus  from  experiments  made  in  relation  to  the  scour- 
ing power  of  water,  sand  can  be  set  in  motion  under  the 
following  conditions,  though  the  velocity  imparted  to  the 
sand  would  be  so  small  as  to  be  negligible  for  practical  use 
for  stowing  requirements. 

Let  R  =the  hydraulic  radius  in  feet,  and 

V  =  the  mean  velocity  in  feet  per  second 

then  to  impart  movement  to  sand  we  get  : — 

R  =  5o-o  25-0  100  50  2-50 

V  =    6-o          4-5  3-5  275  2-ib 

R  =    0-5           o-25  -15  o-io  -05 

1  =    14           1*25  i'i8  1-20  1-40 


roo 

•08 

i-66 

I'D 

•02 

•01 
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It  may  be  noted  that  as  the  hydraulic  radius  increases 
from  -oi  to  -15,  the  velocity  of  the  water  necessary  to 
move  the  sand  decreases  ;  while  as  the  hydraulic  radius 
increases  from  -25  to  50-0,  the  necessary  velocity  of  the 
water  increases.  This  may  be  more  readily  seen  by  plot- 
ting the  above  results  which  have  been  deducted  from 
curves  drawn  up  from  the  notes  of  Thrupp  and  others  on 
flowing-water  problems. 

The  depth  of  flow  would  be  an  important  factor  as  the 
water  would  first  subject  the  sand  to  a  motion  of  dragging 
and  later  the  particles  would  be  lifted  up  into  the  stream, 
the  motion  being  then  converted  to  one  of  suspension. 

The  water  would  carry  a  larger  quantity  of  sand  in  its 
lower  portion  than  the  upper,  and  it  could  be  generally  as- 
sumed that  the  amount  would  be  proportional  to  the  depth. 

Regarding  the  wear  due  to  friction  of  the  sand  on  the 
pipe,  it  may  be  an  advantage  later  to  investigate  carefully 
the  relationship  of  this  to  the  velocity,  for  it  may  be  as- 
sumed that  in  pipes  the  greater  amount  of  material  carried 
will  be  along  the  centre  portion  of  the  water,  and  it  remains 
to  be  determined  to  what  economical  limit  the  velocity  of 
the  water  may  be  accelerated ,  in  order  to  increase  the  time 
of  suspension  of  the  particles  and  reduce  the  friction  due 
to  the  dragging  effect  of  sand  particles. 

Where  however  the  sand  is  washed  into  a  bin  and 
precipitated,  while  the  water  is  allowed  to  overflow  and 
run  back  to  the  pumps  at  the  river  bank ,  the  proportion  of 
water  to  sand  may  be  high  so  that  the  inclination  of  the 
flume  or  pipe  line  can  be  reduced.  Further  at  the  feeding 
point  the  tower  can  be  extended  to  a  greater  height  so  as 
to  increase  the  head  and  this  would  reduce  the  requisite 
height  of  the  other  towers. 

In  the  open  flume  it  is  doubtful  whether  a  coefficient 
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of  friction  for  sand  on  iron  will  be  less  than  1/5,  thus  for 
water  to  carry  1  lb.  sand  100  feet  requires  100/5  —  20- foot — 
pounds  ;  if  the  proportion  of  sand  to  water  is  say  1  to  10, 
then  10  lb.  of  water  must  fall  2  feet  in  100  to  give  this 
energy.  In  experimenting  with  this,  however,  while  the 
water  imparts  motion  to  the  sand,  there  is  a  tendency  for 
the  former  to  run  at  a  higher  velocity  over  it,  so  that  the 
inclination  would  need  to  be  more  than  this.  Possibly  for 
feeding  the  sand,  in  the  place  of  the  flume  it  would  be 
better  to  employ  a  pipe,  and  we  may  then  roughly  assume 
that  the  grade  will  be  in  proportion  to  the  mixture,  if  one 
part  of  sand  be  used  to  25  of  water  the  grade  would  be 
also  in  this  proportion,  or  4  feet  in  100. 

The  necessary  head  might  be  increased  at  the  feed 
tower  so  as  to  reduce  the  height  necessary  for  the  inter- 
mediate towers.  The  flume  bearing  the  return  water  to 
the  pumps  could  be  carried  across  the  river  (when  neces- 
sary), below  the  supply  pipe,  and  on  the  same  supports. 

The  area  of  the  receiving  bin  would,  in  this  case,  have 
to  be  of  sufficient  extent  to  admit  of  the  requisite  precipi- 
tation of  the  sand ,  with  sufficient  rapidity  to  allow  a  large 
proportion  of  the  water  to  overflow.  For  this  reason  it 
may  be  suggested  that  the  bin  would  be  provided  with  a 
well  in  its  floor  and  the  surface  would  be  graded  to  meet 
this,  so  that  an  adequate  sand  sump  would  be  provided. 
The  feeding  pipe  from  the  river  would  terminate  compara- 
tively deep  in  the  bin ,  so  as  to  keep  the  sand  at  as  low  a 
level  as  possible  to  aid  its  precipitation,  and  from  the  bot- 
tom of  the  well  the  sand  could  be  led  straight  to  the  mine 
or  a  supplementary  feeding  bin.  Near  the  surface  level  of 
the  feed  bin  the  flume  for  taking  back  the  surplus  water 
would  emerge.  A  strainer  might  be  put  at  the  entrance 
of  the  flume  to  assist  in  keeping   out  the  sand,   and  it 
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would  be  found  convenient  for  its  alignment  to  follow 
directly  under  the  supply  pipe,  though  possibly  set  on  the 
ground  until  carried  across  the  stream  to  the  pumps  on 
the  same  support  as  the  upper  pipe.  Owing  to  the  low 
grade  required  for  the  return  water  it  is  possible  that  the 
flume  could  meet  the  feed-tower  at  a  point  considerably 
above  the  level  of  the  river,  and  the  pumps  be  here  situ- 
ated so  as  to  reduce  the  head  necessary  for  a  considerable 
proportion  of  the  water. 

It  is  of  course  doubtful  if  this  project  would  prove 
economical  or  convenient,  but  it  is  possibly  worth  con- 
sideration, particularly  where  the  location  of  the  sand  areas 
necessitates  crossing  a  river  which  may  need  bridging  for  a 
good  proportion  of  the  year,  and  the  mine  is  compara- 
tively adjacent  to  the  sand  area. 

So  far  only  the  problem  of  mines  comparatively  adja- 
cent to  the  sand  has  been  touched  on.  In  Jharia,  how- 
ever, with  but  few  exceptions,  the  river  is  at  a  distance. 
This  means  a  lead  involving  a  comparatively  high  capital 
cost.  This  may  be  dealt  with,  either  by  the  co-operation 
of  a  number  of  collier}7-  concerns  or  the  construction  and 
running  of  the  main  lead  by  a  private  company. 

We  have  then  to  investigate  the  relative  values  of : — 

{a)  Main  line. 

(b)  Aerial  gear. 

(c)  Light  railway. 

(d)  Endless  haulage. 

(e)  Pumping  plant. 

Possibly  the  most  economical  and  convenient  method 
would  be  for  the  B.N.Ry.  or  E.I.Ry.  at  certain  points  of 
vantage  to  run  sidings  to  the  river  bank  over  which  empty 
coal  trucks,  on  their  way  to  the  respective  mines,  could 
pass  and  be  loaded  with  sand  and  carry  it  to  the  mines  where 
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it  could  be  unloaded  and  where  the  coal  raised  would  take 
its  place. 

We  have  to  bear  in  mind  that,  failing  a  system  such  as 
the  above,  the  distance  of  the  sand  areas  from  the  mines  in 
Jharia  would,  if  economical  working  has  to  be  effected, 
result  in  a  large  tonnage  being  required. 

We  have  also  to  bear  in  mind  that  the  installation  will 
have  to  deal  with,  if  it  is  to  be  built  on  economical  lines,  a 
tonnage  of  about  5 ,000  tons  daily.  While  to  cope  with  this, 
it  would  probably  cease  to  be  economical  if  more  than  one 
lead  were  employed,  yet  the  loading  facilities  will  have  to 
be  on  a  very  considerable  scale. 

The  above  tonnage  may,  at  first  sight,  appear  alto- 
gether too  liberal,  but  it  must  be  remembered  that  for  an 
individual  mine  to  transport  sand  over  a  distance  of  four 
miles  would  result  in  a  very  high  initial  cost  for  plant 
which  it  is  doubtful  whether  requirements  would  justify, 
as,  to  a  certain  extent,  the  cost  of  track  or  ropeway  would 
be  little  different  whether  1,000  or  5,000  tons  were  trans- 
ported over  it.  Further  this  5,000  tons  could  not  be 
excavated  for  more  than  300  days  of  the  year,  and  pos- 
sibly 200  days  would  be  a  more  accurate  estimate,  for 
there  will  be  tedious  delays  due  to  the  river  being  in  flood, 
also  periods  when  excavation  cannot  be  proceeded  with 
owing  to  the  shifting  of  the  plant  at  bed,  etc.,  etc.,  so  that 
although  the  capacity  per  day  may  equal  5,000  tons,  the 
supplies  would  only  average  about  2,500  tons  daily. 

It  has  also  to  be  remembered,  when  considering  the 
figures  hereafter  given,  that  in  many  cases  stowing  will 
have  to  be  introduced,  if  full  and  lasting  benefit  is  to  be 
derived,  not  only  in  new  workings,  but  more  particularly 
in  old,  as  the  period  of  incubation  of  gob  fires  is  uncertain. 
Thus  40  to  60%  of  the  sand  transported  will  have  to  go  to 
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old,  and  therefore  unremunerative,  workings,  and  for  a 
considerable  period  the  cost  of  sand  packing  in  such  areas 
will  be  about  twice  as  high  as  would  be  the  case  if  packing 
had  been  adopted  in  the  initial  stages  of  mining. 

We  may  now  seriously  consider  the  aerial  gear.  From 
the  calculations  following,  it  will  be  seen  that  every  hour 
416  tons  are  required,  and  at  two  miles  per  hour  it  will 
mean  the  aerial  gear  has  to  carry  832  tons  over  a  distance 
of  4  miles.  This  gives  no  less  than  one  ton  every  22  feet,  an 
entirely  anomalous  working  basis.  The  only  alternative 
would  be  to  speed  up  the  installation  or  to  have  more  than 
one,  but  speeding  up  would  require  an  enormous  power 
unit  and  doubling  or  trebling  the  installation  add  greatly 
to  the  capital  cost.  Moreover  it  is  to  be  doubted  if  the 
country  is  particularly  adapted  for  the  installation  of  a 
ropeway  owing  to  the  comparatively  low  grade  which  limits 
the  sag  on  the  rope,  and  would  in  any  case  mean  the  intro- 
duction of  particularly  high  standards.  These  standards 
raised  at  extremely  frequent  intervals  would  cost  far  more 
than  a  track  laid  on  the  surface.  So  far  as  I  am  aware 
there  is  no  aerial  gear  working  to  carry  the  load  referred  to 
in  the  hypothetical  case  herein  given,  but,  it  must  be  re- 
membered ,  the  success  of  such  a  gear  is  particularly  evinced 
with  a  moderate  load  over  irregular  country.  5,000  tons 
daily  is  a  very  considerable  load  and  unsuitable  for  the 
reasons  stated  in  the  foregoing  clause,  but  there  will  be 
cases  where  the  aerial  gear  will  be  a  distinct  advantage 
particularly  where  the  requirements  are  moderate.  For 
instance,  if  neither  the  necessary  co-operation  between  con- 
cerns was  evinced,  or  no  company  formed  to  exploit  the 
possibilities  of  transport  over  the  four-mile  section,  then 
undoubtedly  the  possibilities  of  the  aerial  gear  will  need 
to  be  seriously  considered ,  and  in  this  case  one  can  imagine 
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each  mine  having  its  own  aerial  gear,  which  would  possibly 
be  a  cheaper  method  than  the  endless  haulage,  and  to  a 
great  extent  do  away  with  tedious  litigation  regarding 
surface  rights,  etc. 

The  loading  arrangements  with  an  aerial  gear  might 
also  simplify  the  problem  at  this  end,  as  undoubtedly  the 
gear  could  be  continued  as  a  semi-portable  unit  to  the  river 
bed,  and  arranged  in  such  a  manner  that  it  could  be  re- 
moved, should  the  flow  of  the  river  necessitate  this.  Rope- 
ways are  already  in  use  dealing  with  150  tons  per  hour 
over  difficult  country,  but  for  this  summary  we  may 
assume  that  150,000  tons  monthly  will  be  the  required 
capacity  of  a  ropeway  for  individual  mines  for  a  transport 
of  four  miles. 

The  success  of  the  scheme,  one  assumes,  depends  upon 
its  continuity,  and  for  this  reason  the  employment  of  a  light 
railway  with  its  series  of  trains,  slow  mustering  of  rakes 
and  the  incidental  delays,  renders  it  unsatisfactory.  In 
this  case  also  the  endless  haulage  appears  the  most  suitable. 

If  we  have  a  four-mile  lead  and  assume  each  truck 
carries  one  ton,  and  the  speed  is  two  miles  per  hour,  then 
one  truck  takes  two  hours  to  make  the  round  trip. 

With  5,000  tons  per  day  of  12  hours,  equal  to  say  416 
per  hour,  this  means  832  full  trucks  and  832  empty  ones 
in  transit,  total  1,664  Pms  those  being  loaded  at  the  river 
bed.  Possibly  not  less  than  1,800  trucks  or  skips  will  be 
employed.  Five  thousand  tons  daity  means  11,200,000 
lb.,  and  at  100  lb.  per  cubic  foot  equals  112,000  cubic 
feet.  A  simple  method  of  loading  would  be  by  running 
the  trucks  via  a  series  of  portable  tracks  on  the  river  bed, 
loading  them  by  hand  and  shifting  the  tracks  as  occasion 
required.  The  loading  however  would  be  a  much  more 
difficult  problem  than  this  as  a  truck  load  would  have  to 
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leave  every  8  seconds.  Moreover  if  we  consider  the  sand  is 
excavated  to  a  depth  of  two  feet,  then  every  day  an  area, 
equal  to  56,000  square  feet,  will  be  cleared.  Therefore 
a  simple  loading  device  becomes  absolutely  necessary,  as 
the  economy  of  Indian  labour  would  not  overcome  the 
difficulty  of  rapid  loading.  It  will  be  seen  there  is  no  inter- 
val in  which  men  can  find  time  to  load  individual  trucks, 
and  therefore  possibly  the  simplest  method  would  be  to 
employ  a  conveyor,  which,  by  reason  of  its  length,  is  par- 
ticularly adapted  for  work  of  this  kind. 

To  load  this  conveyor,  for  the  present  only  hand  load- 
ing need  be  considered,  but  the  conditions  are  however 
ideal  for  machine  loading  particularly,  as  it  will  be  seen 
from  the  rough  estimate  which  follows  a  charge  of  about 
Rs.  50,000  for  coolie  labour,  would  admit  of  an  alternate  for 
machine  loading  at  a  reasonable  capital  cost.  Such  devices 
must  however  be  light  and  for  this  reason  heavy  machines 
of  the  Lubacer  type  would  be  undesirable. 

It  may  be  here  mentioned  that  in  America  sand  is 
often  excavated  and  loaded  by  portable  loaders,  these 
consist  of  a  frame  with  a  number  of  buckets  fixed  to  a 
chain  running  over  head  and  tail  wheels.  The  buckets 
would  be  about  18  inches  by  18  inches,  and  they  would 
deliver  about  one  ton  per  minute.  They  are  fitted  with  a 
chute  and  only  require  about  a  seven  H.P.  motor  to  drive 
them,  while  the  weight  with  the  motor  would  be  about 
7,000  lb.  It  will  be  seen  that  about  eight  of  these  ma- 
chines would  possibly  help  to  solve  the  difficulty  of  labour 
trouble  with  regard  to  loading  and  possibly  prove  more 
economical.  The  excavators  or  coolies  at  the  river  bed 
would  then  feed  into  a  conveyor,  and  from  experiments  I 
find  that  one  coolie  can  load  a  conveyor  with  6*75  cubic 
feet  of  sand  in  12  minutes  with  the  material  at  a  distance 
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of  iS  feet  from  the  conveyor.  In  practice  the  conveyor 
could  possiblj*  be  moved  in  such  a  way  that  the  men 
would  be  close  to  it  all  the  time  and  would  at  the  most 
have  to  carry  the  sand  about  3  feet.  In  the  unfavourable 
conditions  under  review  it  was  found  that  the  6' 75  cubic 
feet  were  deposited  in  the  conveyor  in  12  minutes.  This 
represents  675  lb.  in  12  minutes,  or  i"6  tons  per  hour. 

With  a  conveyor  500  feet  long  and  a  man  every  three 
feet,  166  men  could  be  employed  each  side  of  the  con- 
veyor, and  these  could  load  about  500  tons  per  hour,  but 
for  the  purpose  of  calculation  it  would  be  advisable  to 
figure  on  not  less  than  four  hundred  men. 

Assuming  the  conveyor  could  be  practically  moved  in 
a  circle  we  get  a  superficial  area  of  783,828  square  feet  or, 
at  a  two  feet  depth,  about  1,567,656  cubic  feet  equalling 
about  70,000  tons  or  14  days'  supply. 

This  conveyor  then  would  feed  into  one  leading  up 
the  bank  and  we  may  assume  the  latter  to  be  about  600 
feet  long  and  their  costs  would  be  roughly  as  follows : — 

Assume  a  1/8  cover  6-ply  rubber  belt  with  trough- 
ing  idlers  every  3  feet,  and  return  every  6  feet, 
belt  at  Rs.  7  per  foot  run,  idlers  Rs.  16  each,  re- 
turn idlers  at  Rs.  10. 


/es  ior  a  500  teet  conveyor:  — 

Rs. 

1,000  feet  belt  at  Rs.  7  . . 

7,000 

166  idlers  at  Rs.  16  (forward)    . . 

2,656 

83  idlers  at  Rs.  10  (return) 

830 

500  feet  frame  at  Rs.  3 

1,500 

Head  and  tail  pulleys  <§  Rs.  30 

60 

Motor 

1,200 

Skid  plate  and  rollers 

300 

Total  f.o.b.  Home  Port 

•      13.546 
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Assume  Rs.  40  delivered  per  running  foot.  It  will  be  seen 
that  the  loading  point  at  the  bank  is  being  continually 
shifted  from  the  bank  terminal  of  the  main  lead,  which,  by- 
reason  of  its  length,  would  have  to  be  permanent.  A 
supplementary  haulage  would  have  to  be  introduced  run- 
ning parallel  to  the  bank,  and  readily  adjacent  to  this; 
a  portable  bin  would  need  to  be  provided  into  which  the 
conveyor  running  up  the  bank  would  feed,  and  as  the  area 
was  excavated  in  the  river  bed,  and  the  conveyors  were 
shifted,  the  bin  would  be  moved  from  time  to  time  to  suit 
conditions.  Owing  to  conveyors  being  more  expensive 
than  a  track,  the  former  is  not  to  be  recommended  for 
feeding  direct  to  the  main  haulage.  We  may  take  it  that 
this  loading  bin  would  have  a  capacity  of  about  100  tons 
and  this  equals  2,240  cubic  feet,  and  if  40  feet  long  would 
accommodate  8  trucks  at  a  time,  and  this  would  enable 
loading  at  the  speed  required  to  allow  them  to  leave  at 
their  eight  second  intervals. 

For  estimating  purposes  we  may  assume  the  bin  to 
be  made  of  \"  plate  at  10  lb.  per  sq.  foot,  and  to  work 
out  as  follows  : — 

1,000  square  feet 
324  feet  of  3"  angle  iron  at  7  lb.  per  foot 
8  stanchions  6x3x12  lb.  x  i6'-o" 
3  longitudinal  angles  7  lb.  per  foot    . . 


Say,  with  diagonals  and  transporting  arrangements,  10  tons. 
In  Jharia,  the  point  for  depositing  the  sand  from  the 
main  lead  would  be  about  80  feet  higher  than  the  river 
bank,  the  grade  being  1  in  230  or  o°-i5'.  The  load  on 
the  rope  equals  832  tons  and  for  a  rough  calculation  we 
may  ignore  the  weight  of  the  return  trucks  as  they  will 


10,000  lb. 
1,968  „ 

1,536  „ 
2,240  „ 

15,744  lb. 
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have  a  slight  grade  in  their  favour.  Assume  pull  of  900 
tons;  by  Ende's  formula  we  get  -0043x900  tons  equals 
03-8700,  add  25  %  for  friction,  gives  4-84.  Taking  a  factor 
of  safety  of  7,  we  get  a  breaking  strain  of  30-88  tons.  To 
deal  with  this,  a  one-inch  rope  may  be  estimated  at  say 
10  lb.  per  fathom,  and  for  8  miles  of  rope  this  would  be 
800  cwts.  It  will  possibly  be  advisable  to  have  a  central 
power  station,  which  could  either  be  situated  at  the  river 
bank,  thus  saving  the  poles  and  wiring  to  the  conveyor 
motors,  or  we  may  assume  a  power  unit  with  sufficient 
power  to  operate  in  conjunction  with  the  main  lead,  the 
endless  haulages  for  mines  adjacent  to  it. 

The  latter  is  the  most  expensive  arrangement,  but  it 
is  taken  as  the  grade  to  the  mines  is  favourable  to  the 
load,  as  a  rule. 

Even  assuming  the  friction  of  the  rolling  stock  to  be 
20  lb.  per  ton,  the  power  plant  given  below  is  extremely 
high,  and  although  a  supplementary  engine  is  allowed  for 
the  lead  from  the  main  track  to  the  mines,  the  power  at 
the  main  station  would  possibly  cover  this,  and  the  switch- 
board arrangements  are  entered  at  a  high  figure  to  admit 
one  central  plant  only  if  necessary.  Also  another  supple- 
mentary conveyor  500  feet  long,  in  addition  to  the  two 
already  mentioned,  is  allowed  for  so  that  the  area  of  sup- 
ply may  be  distributed  as  much  as  possible  across  the  river 
bed. 

Owing  to  the  absolute  necessity  of  a  reliable  power 
plant,  this  is  figured  in  the  estimate  on  a  liberal  basis,  and 
also  two  sets  of  engines  each  of  150  K.W.  are  included  in 
the  estimate,  so  that  a  failure  of  one  does  not  absolutely 
stop  the  work. 

We  are  now  in  a  position  to  roughly  summarize  the 
project,  considering  what  will  possibly  be  the  most  formid- 
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able  case  against  its  adoption.     As  stated,  the  conditions 

are  5,000  tons,  daily  delivered  at  a  point  four  miles  from 
the  river. 

A.  Conveyors,  one  on  river  bed  length  500  feet  with  Rs. 

forward  and  return  idlers,  take  up  pulleys,  belts, 
steel  frame,  skid  plates,  rollers  (a   Rs.  40  per 

foot  run     . .                  . .                  . .                  . .  20,000 

B.  One  motor  to  drive  (A)                       . .                  . .  1,500 

C.  One  conveyor  for  bank  600  feet  same  type  as  (A)  24,000 

D.  One  motor  to  drive  (C)                       . .                  . .  1,500 

E.  One  supplementary  conveyor  500  feet  long  with 

motor        . .                  . .                  . .                  . .  21,500 

F.  One  bin  capacity  100  tons                 . .                  . .  7,800 

G.  One    mile   of   track  to  allow   moving  bins   and 

conveyors  longitudinally  to  bank  and  to  feed 

main  haulage               . .                  . .                  . .  11,000 

H.     8    miles    24    lb.    track    for    main    haulage    at 

Rs.  11,000  per  mile     . .                   . .                  . .  88,000 

I.     Sleepers  for  the  track     ..                  ..                  ..  21,120 

J.     Ballasting   and  earthwork  @  Rs.  500   per    mile, 

9  miles  in  all                . .                  . .                  . .  4,500 

K.     20  sets  of  crossings  @  Rs.  120         . .                  . .  2,400 

L.     2000  trucks  27  cubic  feet  @  Rs.  150  ea.              . .  3,00,000 

M.     10  miles  of  1"  rope,  say  800  cwts.  at  Rs.  50      . .  40,000 

N.     Head  and  tail  haulage  runways  and  pulleys      . .  5,000 


Total  cost  of  machinery  and  haulage 


..   5.48,32o 


O. 
P. 

Q. 
R. 

S. 
T. 


2  engines   with   boilers    150   KAV.  sets  to   deal 

with  overload  up  to  300  K.W. 

Dynamo  alternating  current  about  3,000  Rs. 

volts              . .                  . .  . .  16,500 

Switchboard     . .                  . .  . .  30,000 

Lighting,  fans,  etc.,  in  station  . .  6,000 

10-ton  crane  in  station       . .  . .  4,000 

Building  and  foundation   . .  . .  45,000 


75,000 


1,76,500 


1918.]  HYDRAULIC   STOWING    IN    MIXES.  125 

U.     If  station  4  miles  from  river  overhead.  Rs. 

wires    with    poles,    streets,    and    all 
accessories  at  Rs.  8,000  per  mile      . .      32,000 

V.     Transformer  station  . .  . .        3,000 

35,000 

\V.     Two  conveyor  motors  a  1.500  each  . .         3,000 


Total  capital  charge         . .   7,62,820 


Depreciation  @  10%  equals  . .       76,282 


Establishment  and  Yearly  Cost.  Rs. 

One  Engineer  a   Rs.  600  per  mensem  . .        7,200 

One  Sub-Engineer  :«  Rs.  400       ,,        ..  ..        4,800 

Four  Tally  Clerks  a  Rs.  40          „  . .        1,920 

Engine  Room  and  Boiler  House. 

Kalassis,  say  12  rt  Rs.  15              „  ..        2,160 

Haulage  and  Bins. 

7  men  a  Rs.  15                               ,,  . .        1,260 

Loading  of  Conveyors. 

450  coolies  daily  a  -  6/-  each,  say  300  days  . .      50,625 

Fuel,  etc. 

Coal,  say  10  lb.  per  H.P.  per  hour  ;  300  H.P.  equals 

3,000  lb.   or   at    10  hours   30.000  lb.    per  day. 
Assume  13-3  tons  per  day,  for  300  days  equals 

3,990  tons,  yearly  a  Rs.  5  per  ton  equals  . .      11,970 

Oil  stores,  etc.,  say             . .                  . .  . .         3,000 


Total  cost  . .  1 .  g   .  _  1  - 


Total  tonnage  handled  say  5,000  tons  for  300  days  equals 
1,500,000  at  Rs.  1,59,217,  equals  f6q  annas  per  ton. 

The  above  figure  should  land  the  material  at  the  pro- 
posed central  depot,  four  miles  from  the  river.  From  or 
about  this  point,  we  may  assume  a  number  of  mines  with 
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a  lead  of  about  a  mile  each.     These  we  may  assume  put  in 
their  own  haulage.     This  we  may  take  as  follows  : — 


By  cost  to  depot,  annas     . . 

Rs. 

A.  Two  miles  track  24  lb.  with  steel  sleepers  22,000 

B.  200  rope  rollers   a  Rs.  10                            . .  2,000 

C.  Head    and    tail     haulage     runways    and 

pulleys                                   . .                  . .  4,000 

D.  2-5  miles  of  rope                       . .                   . .  10,000 

E.  Ballasting    and   earthwork    2-5   miles   @ 

Rs.  500              . .                  . .                  . .  1,250 

F.  One  bin  at  mine  masonry  type                 .  .  8,000 

G.  100  tubs  (a  Rs.  150                ..                  ..  15,000 
H.     One  winding  engine  with  foundation  and 

engine  house     . .                  . .                  . .  15,000 

I.     One  boiler  with  housing         . .                  . .  8,000 


'^5,250 


1-69 


S.525 


J       Depreciation  10%  per  annum 

K.     Establishment. 

One  Sub-Overseer  5  Rs.  200  per  mensem 
One  Tally  Clerk  a  Rs.  30  per  mensem 

L.     Engine  Room  and  Boiler  House. 

6  Kalassis  (a  Rs.  15 
M.     A!  Bin. 

2  Kalassis  '*  Rs.  15 
X.     Coal,  oil,  tic. 

Say  300,000  tons  sand  cost  yearly 
Say  one  ton  costs 

Total 


It  will  be  seen  therefore  that  the  sand  from  a  distance  of 
4   miles  can    be   delivered  to    a  central  depot  and  from 


m        2,400 

1             360 

1  0S0 

360 

1,500 

.  .       14.225 

75 

2-44 
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thence  a  further  distance  of  about  one  mile  presumably- 
over  the  workings  and  into  the  down  pipe  for  the  sum  of 
2  44  annas  per  ton,  but  if  the  installation  can  only  work 
for  200  days,  we  then  get  1,000,000  tons  at  a  cost  of 
Rs.  1,59,217,  which  would  work  out  at  2-54  annas  per  ton 
plus  75,  or  329  annas  per  ton. 

The  added  cost  to  the  coal  would  be  higher  than  this, 
as  the  sand  would  equal  about  106  lb.  per  cubic  foot  against 
the  90  lb.  of  coal.  Thus  one  ton  of  coal  would  require 
1  19  tons  of  sand  to  take  its  place,  and  if  the  sand  cost  as 
above  2  44  annas  per  ton,  the  cost  on  the  coal  extracted 
would  equal  2"go  annas  or  where  sand  cost  3*29  annas  the 
coal  would  be  3  91. 

In  the  case  however,  where  old  workings  will  also  need 
stowing,  it  can  be  seen  that  the  cost  to  the  Company 
interested  (on  coal  raised  at  the  same  time  from  new  work- 
ings), working  300  days  yearly,  will  be  about  5  80  annas 
per  ton,  or  if  only  200  working  days  be  considered,  it  will 
amount  to  7  82  annas  per  ton,  plus  the  cost  of  getting  the 
sana  underground  to  its  goaf  position.  The  latter  of  course 
depends  upon  the  working  conditions. 

Also  the  cost  of  transportation  will  vary  in  an  inverse 
ratio  to  the  quantity  required  and  it  is  possible  the  sand 
itself  will  be  charged  for. 

In  dealing  with  a  project  of  this  kind,  it  is  most 
important  to  bear  in  mind  the  effect  of  taking  out  1 ,500  ,ooo 
tons  of  sand  yearly  from  the  river  bed.  It  will  be  readily 
seen  that  if  the  scheme  is  to  be  practicable,  this  quantity 
must  be  replaced  by  the  silt  when  the  river  is  in  flood, 
and  it  is  a  most  important  and  debatable  point,  whether 
the  river  may  not  attempt,  with  its  lacerated  bed,  to  scour 
out  a  series  of  new  channels  that  may  seriously  affect  its 
ultimate  alignment,  and  thus  render  the  loading  arrange- 
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ments  untenable  for  more  than  one  season.  The  excava- 
tion would  need  to  be  carried  out  on  scientfic  lines,  with 
such  disturbing  possibilities  continually  in  mind,  and  a 
series  of  readings  of  the  flow  of  the  river,  and  its  be- 
haviour at  various  periods,  should  be  compiled  and  noted, 
so  that  the  excavation  may  also  take  the  form  of  training 
works  with  an  idea  to  future  requirements  Possibly  the 
excavation  may  be  arranged  to  leave  a  series  of  rough 
barrages  which,  as  the  river  flowed  over  them,  would  form 
spillways,  thus  retarding  the  current  at  this  point,  and  thus 
helping  to  precipitate  sand  into  the  basins  formed  by  the 
series  and  preventing  the  scouring  out  of  new  channels.  The 
excavation  should  be  continued  in  a  line  right  across  the 
river  at  right  angles  to  it,  and  for  this  reason  the  extra 
conveyor  has  been  allowed  for. 

Of  all  the  matters  noted  in  this  brief  paper,  where  the 
sand  requirements  are  considerable,  the  possibility  of  affect- 
ing the  river's  natural  channels  is  probably  the  most 
important. 


Excursion    Meeting   at   Lodna   Colliery. 

On  August  13th,  1917,  the  members  of  the  Institute 
visited  the  Lodna  Colliery,  Jharia,  and  made  a  tour  of 
inspection  of  the  newly-erected  bye-product  coking  plant. 
On  the  termination  of  the  inspection  the  members  were 
entertained  to  lunch  at  the  Jharia  Club  by  the  managing 
agents,  Messrs.  Turner,  Morrison  &Co.  A  description  of  the 
plant,  the  first  to  be  erected  in  India  with  direct  ammonia 
recovery,  is  appended. 

LODNA   BYE-PRODUCT   COKING   PLANT. 

This  plant  constructed  for  the  Lodna  Colliery  Co., 
Ltd.,  was  completed  in  June  1916,  and  coke  was  produced 
in  August,  from  which  time  the  plant  may  be  said  to  have 
been  working. 

The  plant,  designed  by  Messrs.  Simon  Carves  Ld., 
Manchester,  is  located  on  a  site  central  to  the  various  in- 
clines of  Lodna  Collieries,  the  position  being  chosen  to  facili- 
tate the  supplying  of  slack  by  tram  lines  and  rope  haul- 
age on  the  endless  system,  and  also  with  a  view  to  pro- 
vide for  possible  future  extensions.  The  plant  is  served 
by  a  siding  of  the  East  Indian  Railway  Company. 

The  slack  received  from  the  collieries  in  tubs  on  the 
rope  haulage  is  brought  into  "  tipplers  "  where  the  tubs 
are  emptied  into  the  underground  hopper.  At  the  bottom 
of  the  hopper  there  is  an  adjustable  rotary  feed  arrange- 
ment, connected  by  chain  and  sprocket  drive  with  the 
bottom  elevator  shaft,  which  controls  the  supply  of  slack 
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to  the  elevator,  so  that  the  elevator  only  receives  the 
quantit}''  of  slack  which  it  can  deal  with,  thus  preventing 
blockage  and  wear  and  tear.  The  slack  is  then  elevated 
to  a  disintegrator,  after  passing  through  which  it  falls  into 
a  second  elevator  which  delivers  it  to  the  300  ton  storage 
bunker  on  which  is  a  convej^or  fitted  with  slides  to  facilitate 
even  distribution  of  the  slack  in  the  bunker. 

The  elevators,  disintegrator,  etc.,  are  capable  of  deal- 
ing with  30  tons  of  slack  per  hour  and  are  driven  by  two 
electric  motors  ;  the  bottom  elevator,  rotary-feed  and  dis- 
integrator being  driven  by  one  of  50  H.-P.  and  the  top 
elevator  and  conveyor  b}r  one  of  20  H.-P.  alternating 
current. 

The  crushed  coal  bunker  has,  at  the  bottom,  three 
outlets  provided  with  slides  controlled  by  rack  and  pinion. 
These  outlets  are  in  line  with  the  charging  holes  of  the 
ovens.  The  oven  charging  tubs,  each  of  1  ton  capacity, 
are  here  filled  and  convey  the  crushed  coal  to  the  oven 
which  it  is  required  to  fill.  These  tubs  are  fitted  with 
bottom  slides  operated  by  side  levers  which  permit  the 
coal  to  drop  through  the  top  charging  holes  into  the  oven. 

The  ovens,  which  are  of  the  latest  Simon  Carves 
horizontal-flue  type,  are  arranged  in  one  battery.  In  con- 
junction with  them  a  ram  and  levelling  machine  serve  to 
discharge  the  coke  and  level  the  coal  at  the  time  of  filling 
the  oven. 

The  machine  is  fitted  with  a  36  H.-P.  motor  which  is 
connected  to  the  gearing  for  travelling,  pushing  and  with- 
drawing the  rack  ;  actuating  the  leveller  and  for  lifting  the 
oven  doors.  The  gearing  is  fitted  for  fast  and  slow  mo- 
tions by  means  of  clutches. 

The  coke  is  discharged  on  to  a  sloping  bench  through  a 
quencher  which  is  supplied  with  water  at  75  to   100  lb. 
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pressure  ;  this  quickly  cools  the  coke  and  adds  to  its  ap- 
pearance. A  drain  at  the  lower  end  of  the  bench  and 
covered  with  perforated  plates  serves  to  catch  the  surplus 
water  and  also  to  remove  the  ballast.  The  ballast-charged 
water  then  flows  to  settling  tanks.  There  are  four  such 
tanks,  any  two  of  which  are  brought  into  use  whilst  the 
other  two  are  being  cleaned.  The-  water  after  depositing 
the  ballast  in  these  tanks  thence  flows  to  the  quencher 
pump  sump  and  is  used  over  again. 

The  bye-product  recovery  is  on  the  Simon  Carves 
direct  system.  The  gas  is  made  to  travel  from  the  ovens 
through  a  temperature  adjuster  (a  tubular  tower  the  tem- 
perature of  which  is  under  control),  a  cyclone  tar  ex- 
tractor, a  high  speed  tar  extractor,  an  exhauster  and 
finally  through  a  saturator.  The  action  of  the  cyclone  is 
that  the  gas,  carrying  globules  of  tar  in  suspension,  strikes 
the  casing  of  the  cyclone  at  a  tangent,  thus  breaking 
up  the  globules  of  tar  which  are  deposited  on  the  sides  and 
trickle  down  to  the  bottom.  A  similar  action  takes  place 
in  the  high  speed  extractors,  but  in  these  the  action  is 
brought  about  b}'  two  fans  revolving  in  the  gas  chambers 

Being  now  free  from  tar  the  gas  then  passes  to  an 
exhauster  of  the  Brown-Boveri  type.  The  function  of  the 
exhauster  is  to  pull  the  gas  from  the  ovens  and  force  it 
through  the  saturator  and  mains  back  to  the  ovens  to  burn 
in  the  flues  contained  in  the  walls  which  separate  the  oven-; 
from  each  other.  The  Brown-Boveri  exhausters  here  in- 
stalled are  steam  turbine  driven  and  have  a  maximum 
speed  of  4,900  revs,  per  minute. 

The  gas  leaving  the  exhauster  next  passes  through 
one  of  the  Simon  Carves  totally  enclosed  saturators  where 
it  comes  in  contact  with  sulphuric  acid,  the  ammonia  of 
the  gas  thus  combining  with  the  acid  to  form  ammonium 
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sulphate  which  is  deposited  in  the  saturator.  The  sul- 
phate house  contains  two  of  these  saturators,  a  centrifu- 
gal dryer  for  drying  the  sulphate  made,  an  ammonia  still 
for  distilling  any  condensed  ammonia  water  which  may 
form  during  the  rains,  and  a  motor-driven  centrifugal 
acid  pump. 

The  compressors  which  provide  the  compressed  air  for 
ejecting  the  sulphate  from  the  saturators  to  the  collecting 
pans  are  installed  in  the  exhauster  house.  In  this  house 
are  also  the  two  exhausters  and  high  speed  tar  extractors 
already  referred  to  and  the  tar  and  ammoniacal  liqour 
and  fresh-water  pumps.  These  various  units  are  all  so 
arranged  that  any  one  can  be  isolated  and  another  put  in- 
to work  without  stopping  the  plant  or  breaking  the  circuit 
of  the  gas,  thus  enabling  the  whole  plant  to  work  con- 
tinuously night  and  day  throughout  the  year. 

After  passing  through  the  recovery  plant  and  being 
freed  from  tar  and  ammonia ,  the  gas  travels  along  the  return 
main  to  the  battery  where  each  oven  receives  the  quantity 
of  gas  necessary  to  maintain  the  required  heat  in  the  flues. 
The  gas  on  reaching  the  flues  immediately  ignites  and  the 
flame  passes  along  the  flues  of  the  oven  walls  and  on  to  a 
main  flue  underground.  The  flue  which  is  ultimately  con- 
nected with  the  chimney,  draws  the  flame  along  to  the 
steam  boilers  through  two  of  which  it  passes,  thereby 
generating  steam  for  the  recovery  and  power  plants. 

The  three  Lancashire  boilers  30  ft.  x  8  ft.  and  working 
at  120  lb.  pressure  are  so  arranged  that  any  two  of  them 
can  be  put  into  work ,  the  connecting  and  disconnecting  of 
a  boiler  with  the  waste  heat  main  flue  occupying  only  a 
few  minutes. 

The  steam  from  the  boilers  is  led  through  a  7"  main 
to  the  recovery  plant  and  through  a  6"  main  to  the  power 
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house  where  are  installed  two  Belliss  and  Morcom  com- 
pound engines  each  of  416  H.-P.  directly  coupled  to  A.C. 
generators.  Only  one  engine  works  at  a  time,  the  other 
acts  as  a  standby. 

About  one-fourth  of  the  power  generated  suffices  to 
drive  the  motors  at  the  plant  for  the  ram  and  leveller, 
elevating  and  crushing  machinery,  acid  pump,  lighting, 
etc.,  the  surplus  being  available  for  transmission  to  the 
collieries. 

Storage  tanks  for  tar  and  ammonia  water  and  for 
decantation  are  built  below  ground.  There  is  also  a  high 
level  storage  tank  for  the  finished  tar  fitted  with  the 
necessary  pipes  and  connections  for  loading  the  tar  into 
barrels,  etc.,  for  despatch. 

The  following  description  of  Plate  22,  showing  the 
endless  haulage  system  supplying  the  Bye-Product  Coke 
Ovens,  was  supplied  by  Mr.  E.  D.  James  : — 

Section  "  A  " — N.-E.  Direction. 

Coal  and  slack  are  drawn  from  inclines  Nos.  1,  2,  8 
and  10  by  direct  haulage  and  brought  to  the  endless  haul- 
age line  at  No.  10  incline.  The  line  has  a  gradient  of  1  in 
40  and  runs  for  750  feet.  Clips  are  attached  to  the  front 
when  drawing  loaded  tubs,  and  at  the  back  when  empties 
are  being  returned.  Approximately  12  tubs  are  drawn  in 
each  trip. 

Section  "  B  "-S.-W.  Direction. 

The  gradient  of  the  line  is  1  in  50  towards  Nos.  5  and 
6  inclines,  and  the  distance  is  780  feet.  12  tubs  are 
drawn  per  trip.  This  line  receives  coal  and  slack  from 
Nos.  5  and  6  inclines  drawn  from  underground  by  direct 
haulage. 
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Section  "  C  " — S.-E.  Direction. 

Section  "C"  is  worked  with  two  branches.  One 
from  the  Railway  bridge  towards  Nos.  2  and  3  inclines, 
Padhyadihi,  and  the  other  from  the  Railway  bridge  to 
No.  1  incline,  Padhyadihi.  The  gradients  of  the  lines  are  1 
in  20  and  1  in  60  respectively.  The  regular  gradient  from 
the  Railway  bridges  towards  the  engine  is  1  in  100.  The 
distance  from  the  engine  to  the  centre  of  the  Railway 
bridges  is  550  feet.  From  the  Railway  bridges  to  Nos.  2 
and  3  inclines  Padhyadihi  is  400  feet  and  to  No.  1  is  1,600 
feet. 

From  Nos.  2  and  3  inclines,  coal  and  slack   are  drawn 

by  direct  haulage  and  brought  to  the  endless  haulage  line. 
8  tubs  are  drawn  per  trip.  The  other  branch  gets  its 
coal  from  inclines  Nos.  1,  4  and  5  Padhyadihi.  10  tubs 
are  drawn  per  trip. 

The  capacity  of  the  engine  is  65  H.-P. 

Mr.  R.  G.  M.  Batligatc  said  : — Mr.  James,  Gentlemen, 
I  desire  on  behalf  of  the  members  of  the  Mining  and  Geo- 
logical Institute  of  India  to  request  you  to  convey  to 
Messrs.  Turner  Morrison  &  Co.  our  grateful  thanks  for 
their  kind  invitation  to  inspect  the  Lodna  Coking  and 
Bye-product  plant  this  morning. 

I  regret  that  so  man}'  members  have  been  unable  to 
be  present,  but  no  doubt  the  weather  and  the  present  ab- 
normal conditions  under  which  we  mining  engineers  have 
to  manage  our  collieries  account  for  the  small  atten- 
dance. 

In  these  days  when  so  much  is  heard  of  wasteful 
methods  connected  with  our  profession,  our  meeting  this 
morning  gives  us  considerable  satisfaction.  The  Lodna 
plant  is  not  by  any  means  the  first  of  its  kind  in  India, 
but  it  is  the  first  direct  recovery  plant  in  India,  and  with- 
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out  doubt  it  is  the  forerunner  of  many  other  similar 
plants. 

The  first  bye-product  oven  was,  I  believe,  the  Bee- 
hive ;  its  bye-product  being  the  waste  heat  which  was  uti- 
lised for  steam  raising.  This  system,  however,  after  nearly 
300  years  is  rapidly  being  discontinued,  and  we  saw  to-day 
one  of  the  systems  which  is  replacing  it. 

The  first  retort  oven  was  designed  by  a  French  En- 
gineer, Clovis  Knab,  and  he  erected  a  battery  of  ovens 
in  France  about  the  year  1856.  Five  years  later  the  late 
Henry  Simon  interested  himself  in  the  oven,  and  in  con- 
junction with  Carves  erected  the  first  Simon  Carves  plant 
in  England  in  1869.  The  first  British  patent  for  extract- 
ing ammonia,  tar  and  the  like  from  coal  was  granted  to 
Sir  Archibald  Cochrane  in  1781,  and  when  one  considers 
these  dates  one  really  marvels  that  the  pioneers  of  our  in- 
dustry in  India  should  ever  have  erected  two  bricks  walls 
and  called  it  a  coke  oven. 

Had  the  Bee-hive  been  erected  I  have  not  the  least 
doubt  they  would  have  been  generally  adopted  throughout 
the  coal-fields  of  India,  and  the  waste  heat  utilised  as  it 
was  at  home. 

However  these  days  are  coming  to  an  end — not  only  as 
regards  the  coking  of  coal,  but  as  regards  the  actual  mining 
of  coal — and  we  engineers,  if  we  are  to  retain  our  "  place 
in  the  sun  "  of  Indian  mining,  must  keep  ourselves  fully 
conversant  with  home  practice.  I  heard  of  a  case  recently 
where  it  was  suggested  that  experts  from  Home  or  America 
should  come  to  this  country  and  teach  us  to  mine  coal 
economically.  We  do  not  require  these  experts.  We 
know  what  is  wrong  with  existing  conditions,  and  we  know 
how  to  improve  them.  But  I  defy  an}'  mining  engineer 
or   commercial   expert  to  make    any    essential  economic 
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change  in  our  methods  unless  we  obtain  the  rupees,  annas, 
pies  for  our  production  to  enable  us  to  do  so. 

I  desire  now  to  thank  Mr.  James  for  his  kind  reception 
of  us  this  morning,  and  particularly  Mr.  Diamond  and  his 
staff  for  all  the  trouble  they  took  with  us,  the  patience  he 
exhibited,  and  for  so  instructive  a  morning. 

Would  you  also,  Mr.  James,  express  to  Messrs.  Turner, 
Morrison  &  Co.  our  appreciation  of  the  excellent  lunch 
they  have  provided. 

Messrs.  James  and  Diamond  replied. 

Mr.  R.  R.  Simpson,  on  behalf  of  the  members  of  the 
Institute,  thanked  the  committee  and  members  of  the 
Jharia  Club  for  the  use  of  their  hall. 

Present  : — Mr.  R.  G.  M.  Bathgate.  President,  Messrs.  R  Barrow- 
man,  A.  G.  Bennertz,  G.  Castles.  Chas.  A.  Crofton.  D.  P.  Davies,  R.  L,. 
Frizoni,  L.  Gould,  E.  D.  James,  J.  S.  Kean,  H.  Lancaster,  J.  Mackie, 
J.Mason,  T.  C.  Murray.  J.  A.  Oliver,  F.  Owen,  R.  Purdy,  E.  H. 
Roberton.  R.  R.  Simpson,  B.  Starks  Field,  H.  M.  Tarlton.  J.  B.  Ward- 
law  and  G.  C.  Webster.  Members. 

Messrs.  C.  J.  Archer,  Percy  B.  Davies,  L,.  Diamond,  B.  FitzGibbon, 
F.  B.  Foster,  G.  H.  Knowles,  D.  D.  Macdonald,  W.  W.  Mithiau  and  H. 
Richardson,  Visitors. 


ABSTRACT. 


PRESERVATION    OF    TIMBER. 

The  following  is  an  extract  from  a  memorandum  on  the  preserva- 
tion of  timber  in  coal  mines,  which  has  recently  been  issued  by  the 
Department  of  Scientific  and  Industrial  Research  of  London.  A  large 
amount  of  timber  requires  to  be  replaced  because  it  undergoes  decay 
caused  by  various  fungi  which  permeate  the  wood,  producing  fructifica- 
tions (shaped  like  a  cushion  bracket  or  mushroom)  and  clothing  the 
surface  with  a  cottony  material  (spawn).  The  following  remedial  mea- 
sures are  suggested  : — 

The  work  should  be  started  from  the  intake  end  and  proceeded 
with  and  continued  with  the  ventilation.  The  apparatus  required  is  i 
pail,  some  cloths,  a  cloth  or  cotton  swab,  a  strong  knife  and  an  anti- 
septic solution  which  may  be  either  (i)  creosote  and  various  derivatives 
(2)  zinc  chloride  or  (3)  copper  sulphate,  which  last  should  not  be  used 
where  the  mine-water  is  rich  in  iron.  Every  fructification  should  be 
removed  by  cutting  away  the  portion  of  the  wood  to  which  it  if 
attached.  These  should  be  placed  in  the  pail,  carried  to  the  surface 
and  immediately  burnt  to  prevent  infection  spreading  on  the  surface  to 
timber  originally  sound.  All  the  accessible  timber  should  be  washed 
with  the  solution  and  the  spawn  removed.  When  possible  loose  barks 
should  be  removed  and  the  bare  wood  washed  over  with  the  solution 
Treatment  should  be  systematically  and  regularly  pursued,  as  tempo- 
rary neglect  may  undo  the  work  of  months.  AH  the  mine  timber 
should  be  examined  once  a  month. 

G.  F.  A. 
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Annual  Meeting. 

Held  on   Friday,   January  25th,    1918. 

The  Twelfth  Annual  General  Meeting  of  the  Institute 
was  held  in  the  Lecture  Hall  of  the  Asiatic  Society  of  Bengal, 
Calcutta,  on  Friday,  the  25th  January,  1918,  at  11  a.m. 
The  President,  Mr.  R.  G.  M.  Bathgate,  was  unavoidably 
detained  in  Rangoon,  and  the  chair  was  taken  by  Mr.  C.  H. 
McCale,  one  of  the  Vice-Presidents,  supported  by  the  follow- 
ing members  : — 

Messrs.  G.  F.  Adams,  E.  S.  Bennertz,  Dr.  L.  L.  Fermor, 
Mr.  H.  G.  Graves,  Dr.  H.  H.  Hayden,  Messrs.  B.  Heaton, 
C.  A.  John  Hendry,  Lt.-Col.  F.  Cunynghame-Hughes, 
Messrs.  J  as.  Mackintosh,  Geo.  Miller,  J.  H.  Pattinson,  H.  C. 
Read,  Thos.  Samson  and  E.  H.  Roberton  -  (Honorary 
Secretary ) . 

.The  Chairman,  in  opening  the  meeting,  appointed 
Messrs.  B.   Heaton  and  Jas.  Mackintosh  as  scrutineers  ±0 
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examine  the  voting  papers  for  the  election  of  Officers  and 
Council  for  the  year  1918. 

He  then  read  the  minutes  of  the  previous  Annual 
General  Meeting  and  of  the  Ordinary  General  Meeting  held 
at  Asansol  on  the  18th  June,  1917,  which  were  put  to  the 
meeting  and  carried. 

The  Report  of  the  Council  was  then  read  by  the 
Honorary  Secretary  and  the  Accounts  explained  by  the 
Honorary  Treasurer. 

REPORT  OF   COUNCIL. 

The  Council  have  the  honour  to  present  the  Twelfth 
Annual  Report  on  the  working  of  the  Mining  and  Geologi- 
cal Institute  of  India. 

2.  A  decrease  in  membership  has  to  be  reported  for 
the  fourth  year  in  succession.  The  additions  to  the  regis- 
ter and  the  losses  by  resignations,  deaths,  etc.  are  shown 
in  the  following  table  : — 

1913   1914   1915   1916   1917 

Additions  14  4  9  10  9 

Losses  . .  14  20  21  25  13 

Gain      . .  .... 

Loss      . .  ....  16  12  15  4 

The  following  table  gives  the  numbers  of  members 
during  the  last  five  years  : — 


i9J3 

1914 

19*5 

1916 

1917 

Ordinary  Members. 

•   249 

233 

221 

205 

201 

Associate  Members . 

.     16 

14 

14 

13 

13 

Associates 

8 

9 

6 

6 

5 

Honorary  Members. 

.     10* 

10* 

10* 

10* 

12 

Subscribers 

•      25 

25 

25 

27 

26 

*  Includes  ex-officio  Honorary  Members. 

3.     The  following  members  were  elected  during  the 
year : — 


1918.] 


ANNUAL   MEETING. 


i.  Dewhurst,  Thos. 

2.  Diamond,  L. 

3.  Hendry,  C.  A.  John  . . 

4.  Ishar  Das  Kapur 

5.  Jhaverilal  K.  Dholakia 

6.  Mason,  James 

7.  Pattinson,  J.  H. 


Ordinary  Members. 

Senior  Geologist,  Burma  Oil  Co.,  Ld., 
A.R.C.Sc,  F.G.S.,  M.  Inst.  P.T.,  c  o 
Messrs.  Finlay  Fleming  &  Co.,  Post  Box 
No.  181,  Rangoon. 

Chemical  Engineer.  Coke  Oven  Manager, 
Lodna  Coal  Co.,  Ld.,  Lodna,  Jharia,  Man- 
bhum. 

Resident  Engineer,  Messrs.  Martin  &  Co., 
F.R.G.S.,  A.M.I.  Mech.  E.,  6  &  7,  Clive 
Street,  Calcutta. 

Managing  Proprietor,  Makmmal  Colliery, 
Pind-Dadau-Khan. 

Holder  of  1st  class  colliery  managers'  certi- 
ficate of  competency  under  Indian  Mines 
Act.  Manager,  Joyrampur  Colliery, 
Jharia,  Manbhum. 

Colliery  Manager,  Kendwadih  Collieries, 
Kusunda,  Manbhum. 

Partner,  Messrs.  H.  V.  Low  &  Co.,  12,  Dal- 
housie  Square,  Calcutta. 


Also,  the  name  of  Mr.  R.  S.  Ashcroft,  of  Palana  Colliery, 
has  been  transferred  from  the  list  of  Associate  Members  to 
that  of  Ordinary  Members. 


1.  Davies,  D.  P. 

2.  Dutt,  N.  C. 


Associate  Members. 

Mining  Engineer,  Jealgora,  Jamadoba,  Man- 
bhum. 

Diploma  Holder  in  mining.  Overseer, 
P.W.  Department,  Jaiselmer  State,  Jaisel- 
mer,  Rajputana. 


Honorary  Members. 

The  names  of  Sir  Ralph  P.  Ashton  of  Messrs.  Kilburn 
Brown  &  Co.,  and  Mr.  W.  Miller  of  Bonnytoun  House, 
Linleithgow,  Scotland,  have  been  transferred  to  the  list 
of  Honorary  Members. 
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4.  Ten  members  have  resigned : — Messrs.  W.  Burt, 
A.  P.  Cameron,  F.  C.  Dwane,  H.  R.  Holmes,  R.  H.  Hus- 
band, H.  C.  McNeill,  J.  G.  Maughan,  J.  W.  Murphy, 
F.  Powell  Williams  and  Mitsui  Bussan  Kaisha,  Ld.  The 
following  names  have  been  struck  off  from  the  list  of 
members  (vide  Rule  14  of  the  Articles  of  Association)  :— 
Messrs.  W.  A.  Bee,  P.  Mitchell,  and  Benoy  Krishna 
Mukherjee. 

5.  Meetings  of  the  Institute  were  held  as  follows : — 
Annual  General  Meeting.  Calcutta,  26th  January,  1917. 
Extraordinary  General  Meeting,         ,,  ,,  „        1917. 
First  Ordinary  General  Meeting,  Jharia,  rgth  February,  1917. 
Second      ,,             ,,               ,,               „       2nd  April,  1917. 

Third        ,',  „  „  Asansol,  18th  June,  1917. 

Fourth      „  ,,  „  Lodna,  13th  August,  19^. 

The  First  and  Third  Ordinary  General  Meetings  were 
held  for  the  reading  and  discussion  of  papers.  At  the 
Second  Ordinary  General  Meeting  held  at  the  kind  invita- 
tion of  the  East  Indian  Coal  Co.,  Ed.,  an  excursion  was 
made  to  the  fire  area  of  the  Bararee  workings  and  to  the 
pillar  extraction  area  of  the  Jealgora  workings.  At  the 
Fourth  Ordinary  General  Meeting,  the  members  made  a 
tour  of  inspection  of  the  newly  erected  bye-product  coking 
plant  at  Eodna,  Jharia,  Manbhum. 

6.  The  following  papers  were  read  and  discussed  :— 

(a)  Extraction  of  coal  pillars    from   '  fiery '    seams    and  goaf 

stowing  in  Indian  mines.     By  R.  H.  Husband. 

(b)  Preliminary  note  on  the  burning  of  coal  seams  at  the  out- 

crop.    By  L-  L,.  Fermor. 

(c)  Housing  of  labour  and  sanitation  at  mines  in  India.     By 

J.  H.  Evans. 

(d)  Some  Preliminary  considerations  in  hydraulic  stowing,  with 

a  note  particularly  relating  to  the  coalfields  of  Bengal. 
By  C.  A.  John  Hendry. 
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7.  One  part  only  of  the  Transactions  has  been  pub- 
lished, forming  Part  2  of  Vol.  XI,  and  was  issued  to  mem- 
bers on  the  9th  July,  1917.  Part  3,  the  concluding  part 
of  Vol.  XI,  and  Parts  1  and  2  of  Vol.  XII,  are  now  in  press 
and  will  be  published  shortly. 

8.  Eight  Council  meetings  were  held  during  the  year 
for  the  election  of  members  and  transaction  of  the  current 
business  of  the  Institute. 

9.  Jharia  Map  Committee. — Xo  meetings  of  the  Com- 
mittee were  held  during  the  year,  but  sub-committees  met 
from  time  to  time.  The  revision  of  the  finished  sheets, 
which  it  was  arranged  should  be  done  by  the  sub-commit- 
tees, is  being  done  b)-  the  Committee's  Surveyor.  Difficult 
areas  are  being  remapped.  As  the  roads  and  railways  are 
shown  incorrectly  on  the  sheets  supplied  by  the  District 
Engineer  and  the  Railway  Company,  respectively,  these 
features  are  being  re-surveyed  by  the  Surveyor.  It  is 
hoped  to  complete  all  the  field  work  by  the  end  of  the  cold 
season. 

Early  in  the  year  Mr.  G.  deP.  Cotter,  Assistant  Super- 
intendent, Geological  Survey  of  India,  spent  a  month  in  the 
field,  and  was  engaged  in  revising  the  geological  boundaries. 

10.  Subsidence  Committee. — The  Committee  consisted 
of  the  following  members  during  the  year  1917,  viz.  Mr. 
Glen  George  (Chairman),  Mr.  R.  G.  M.  Bathgate,  Mr.  J.  S. 
Kean,  Mr.  P.  S.  Keelan,  Mr.  F.  Owen,  Mr.  A.  B.  Hughes, 
Mr.  G.  C.  Lathbury,  Mr.  G.  F.  Adams  (Honorary  Secre- 
tary). 

Mr.  A.  B.  Hughes  having  gone  off  on  active  service, 
Mr.  R.  Remfry  was  nominated  to  act  in  his  place. 

In  July  the  Committee  framed  an  interim  report.  The 
following  were  the  general  conclusions  arrived  at : — 

"As  far  as  the  evidence  at  present  available  shows,  the 
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Committee  think  that  the  following  conclusions  may  be 
drawn : — 

(a)  In  seams  not  thicker  than  sixteen  feet,  at  depths 
exceeding  400  feet,  with  sound  pillars  and  no  abnormal 
circumstances,  such  as  faults  and  overlying  seams  goafed, 
an  area  of  10  bighas  may  be  extracted  before  a  surface 
subsidence  occurs. 

(b)  In  seams  not  thicker  than  sixteen  feet,  at  depths 
between  200  and  400  feet,  with  sound  pillars  and  no  ab- 
normal circumstances,  an  area  of  six  bighas  may  be  ex- 
tracted before  a  surface  fall  occurs. 

(c)  The  effect  of  an  overlying  goaf  has  a  considerable 
influence  in  bringing  about  an  earlier  break." 

Copies  of  the  report,  together  with  blue  prints  illus- 
trating the  same,  were  then  sent  out  to  the  Indian  Mining 
Association  and  the  respective  heads  of  the  East  Indian 
and  Bengal  Nagpur  Railways.  The  Surveyor  has  con- 
tinued his  observations.  During  the  year  he  took  31  such 
observations.  Observations  have  now  altogether  been 
made  at  18  collieries,  of  which  one  has  been  visited  9  times, 
two  8  times,  two  7  times,  two  6  times,  five  5  times,  two 
4  times,  three  3  times,  and  one  twice.  The  depths  vary 
from  goo  to  80  feet. 

11.  An  Extraordinary  General  Meeting  was  held  in 
Calcutta  on  the  26th  January,  1917,  for  alteration  in  the 
Rules  regarding  the  terms  on  which  Associate  Members 
might  be  admitted  to  the  Institute,  with  a  view  to  afford- 
ing greater  facilities  to  colliery  assistants  to  join  the  Insti- 
tute. The  following  special  resolutions  were  proposed  and 
carried  in  place  of  Art.  10  and  11  of  the  Articles  of  Asso- 
ciation : — 

Article  10.     The  admission    fee   payable    on    the   election  to 
Ordinary  Membership  or  Associateship  shall    be   Rs.   30,   and  to 
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Associate  Membership  Rs.  10.  provided,  nevertheless,  that  a  mem- 
ber who  has  resigned  his  membership  and  who  has  been  re-elected 
a  member  under  Clause  8  hereof,  shall  only  be  liable  for  half  the 
admission  otherwise  payable.  In  the  case  of  Associate  Members, 
the  Council  shall  have  the  right  to  remit  admission  fee  from  time 
to  time  as  they  shall  determine. 

Article  n.  In  addition  to  the  admission  fee  payable  as  above, 
the  following  annual  subscriptions  shall  be  payable  in  advance  on 
the  ist  day  of  January  in  each  year  for  the  then  commencing  year, 
save  and  except  that  in  the  case  of  members  elected  between  any 
31st  October  and  31st  December  only  one-half  of  the  subscription 
payable  as  aforesaid  shall  be  payable  in  respect  of  the  calendar 
year  then  current,  that  is  to  say : — 

Ordinary  Members     .  .      Rs.  30  (compoundable  as  a  life  sub- 
scription on  payment  of  Rs.  200). 
Associate         ,,  . .      Rs.  10. 

Associates  . .     Rs.  30. 

Subscribers  . .     Rs.  30  (compoundable  as  a  subscrip- 

tion on  the  payment  of  Rs.  200  for 
life  in  the  case  of  an  individual, 
or  for  15  years  in  the  case  of  firms 
or  corporate  bodies). 

The  foregoing  resolutions  were  confirmed,  at  a  meeting 
of  the  Institute  held  at  Jharia  on  the  19th  February,  191 7. 

12.  The  prize  offered  by  the  Government  of  India 
for  the  best  paper  read  before  the  Institute,  was  awarded 
to  Mr.  F.  L.  G.  Simpson  for  his  paper  "  Description  of  the 
methods  of  working  out  the  pillars  at  the  Mohpani  mines 
by  means  of  packing,  and  a  comparison  of  the  dry  and  wet 
systems  of  packing." 

13.  Institute  Medals. — The  three  medals — gold,  silver 
and  bronze — offered  for  the  best  papers  read  before  the 
Institute,  were  awarded  as  follows  : — 

(a)  The  gold  medal  was  awarded  to  Mr.   F.   L.  G. 
Simpson  for  his  paper  mentioned  above ; 
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(b)  the   silver   medal   to   Mr.  Glen  George   for   his 

paper  on  "  Development  of  deep  coal  areas  in 
Bengal"  ;  and 

(c)  the  bronze  medal  to  Mr.  E.  H.  Roberton  for  his 

paper  on  ' '  The  Cementation  process  of  shaft 
sinking." 

14.  The  office  of  the  Institute  has  been  removed  per- 
manently to  the  Civil  Engineering  College,  Sibpur  Botanic 
Garden  P.O.,  Calcutta. 

15.  The  following  is  the  financial  statement  for  the 
year  191 7: — The  revenue  of  the  Institute  for  the  year  is 
Rs.  10,221-15-7.  Of  this  amount,  Rs.  6,308-5-4  has  been 
derived  from  subscriptions,  compared  with  Rs.  6,535-13-4. 
Transactions  and  Maps  sold  and  Advertisements  realised 
Rs.  529-15-0,  as  compared  with  Rs.  375-2-3 ;  and  the 
amount  received  for  interest  is  Rs.  1,686-6-7  as  compared 
with  Rs.  1,246-12-4  in  the  previous  year. 

The  expenditure  is  Rs.  7,249-10-9  as  against  Rs. 
7,366-12-6  in  the  previous  year.  A  sum  of  Rs.  255  has  been 
written  off  on  account  of  subscriptions  not  recoverable. 
The  subscriptions  outstanding  amount  to  Rs.  1,090. 
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The  account  of  the  Subsidence  Committee  has  hitherto 
been  included  in  the  Income  and  Expenditure  account. 
As  it  is  now  over  three  years  the  Subsidence  Committee 
has  been  doing  its  work,  and  as  the  three-year  grants  by 
the  Indian  Mining  Association,  East  Indian  and  Bengal 
Nagpur  Railways  are  now  over,  a  separate  account  is  ap- 
pended below  showing  the  receipts  and  disbursements  in 
each  year : — 

SUBSIDENCE   COMMITTEE. 


Receipts. 

Rs. 

*■!- 

Expenditure. 

Rs. 

A. 

p. 

To  Amount  received  in  1916 

1,200 

0  0 

By  Amount  disbursed  in  1914 

10 

10 

0 

»»         >»               »»         1 

.  1917 

2,400 

0 

O 

,  1915 

2,002 

9 

6 

,,1916 

1,5/3 

3 

3 

,,  1917 

1.794 13 

9 

,,   Amount  due 

1,800 

0 

0 

,,    Balance  in  hand 

13  11 

6 

5,400 

0  0 

! 

5,400  0 

0 

The  Chairman  proposed  that  the  Report  as  read  and 
the  Accounts  as  put  before  the  meeting  be  passed  and 
adopted.  This  was  seconded  by  Lt.-Col.  F.  Cunynghame- 
Hughes,  and  carried  unanimously. 

Mr.  H.  G.  Graves  read  the  report  of  the  Judging  Com- 
mittee on  Papers,  which  was  as  follows : — 

REPORT   OF  THE   JUDGING  COMMITTEE   ON    PAPERS 

OF  1917. 
Members  : — Messis.  B.  Heaton,  J.  S.   Kean,   H.  Lancaster,  C.   H. 
McCale,  and  G.  C.  Webster. 

The  Government  prize  is  awarded  to  Mr.  C.  A.  John   Hendry  for 
his  paper  "  Some  primary  considerations  in  hydraulic  stowing  in  mines 
with  a  note  particularly  relating  to  the  coal-fields  of  Bihar." 
The  three  Institute  medals  are  awarded  as  follows  : — 

Gold  Medal — awarded  to  Mr.  C   A.  John  Hendry  for  the  above 
paper. 
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Silver  Medal—  awarded  to  Dr.  L.  Leigh  Ferrnor  for  his  paper  on 
"  The  burning  of  coal  seams  at  the  outcrop." 

Bronze  Medal — awarded  to  Mr.  J.  Henry  Evans  for  his  paper  on 
"  Housing  of  labour  and  sanitation  at  mines  in  India." 

The  Honorary  Secretary  then  read  the  report  of  the 
voting  papers,  handed  in  by  the  scrutineers,  and  the  fol- 
lowing gentlemen  were  declared  elected  : — 

President : 

Lt.-Col.  F.   Cunynghame-Hughes.  f.c.s.,  m.i.m.  m.,  Deputy  Assay 
Master,  H.M.'s  Assay  Office. 

Vice-Presidents : 
L.  Leigh  Fermor,  a.r.s.m.,  d.sc,  f.g.s..  Superintendent,  Geological 

Survey  of  India. 
W.  Forster,  Barakar. 

Honorary  Treasurer  and  Editor  of  Transactions  : 
H.  H.  Hayden,  ci.E.,  f.r.s.,  d.sc,  Director,  Geological  Survey  of 

India. 

Honorary  Secretary  : 

E.  H.  Roberton,  b.a.,  m.sc,  m.i.m. E.,  f.g.s.,   Professor  of   Mining, 
C.E.  College,  Sibpur. 

Members  of  Council :  ■ 
i.     G.    Crawford,    General    Manager,    Messrs.    Burn    and    Co.'s 
Potteries. 
S.  G.  L.  Eustace,  Messrs.  Kilburn  &  Co. 
T.  S.  Gibson,  Manager,  Sripur  Colliery. 

A.  H.  Izat,  Manager,  Central  Provincs  Prospecting  Syndicate. 
P.  S.  Keelan,  Chief  Mining  Engineer,  Khatras  Jharia  Coal  Co., 

Ld. 
G.  C.  Lathbury,  Superintendent,  E  I.  Ry.  Collieries. 

7.  J.  Mackie,  General  Manager,  Eastern  Coal  Co.,  Ld. 

8.  C.  H.  McCale,  f.g.s.,  General  Manager,  Datnuda  Coal  Co.,  Ld. 

9.  A.  Mort,  Manager,  N.-W  S.  Ry.  Collieries. 

10.  N.  N.  Mukherji.  Mining  Engineer. 

11.  H.  H.  Reynolds,  m.i.e.e..  Consulting  Engineer. 
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12.  T.  Samson,  m.i.m.E.,  General  Manager,  Khas  Collieries. 

13.  R.  R.  Simpson,  M.SC,  Inspector  of  Mines  in  India. 

14.  B.  Starks  Field,  Manager,  Barakar  Coal  Co.,  Ld. 

15.  G.  C.  Webster,  Mining  Engineer,  Messrs.  F.  W.  Heilgers  &Co. 

Lt.-Col.  F.  Cunynghame-Hughes  then  took  the  chair. 

A  vote  of  thanks  to  the  retiring  President  and  mem- 
bers of  Council  for  their  services  during  the  past  year  was 
proposed  by  the  chair,  seconded  by  Air.  B.  Heaton,  and 
carried  unanimously. 

The  President  informed  the  meeting  that  owing  to  the 
war  it  had  been  decided  that  the  Annual  Meeting  should  be 
merely  formal,  and  that  the  President's  Address  which  it 
had  been  the  custom  to  deliver  at  the  Annual  Meeting 
would  be  given  at  the  next  meeting  to  be  held  at  the  coal- 
fields some  time  in  February,  of  which  due  notice  would  be 
given. 

With  a  vote  of  thanks  to  the  Asiatic  Society  of  Bengal 
for  the  use  of  the  room,  the  meeting  separated. 


Meeting  at  Asansol. 

Held  on  Monday,   February  18th,    1918. 

An  Ordinary  General  Meeting  of  the  Institute  was  held 
at  the  Railway  Institute,  Asansol,  on  Monday,  the  iSth 
February,  1918,  at  10  a.m.,  when  the  President  read  his 
address,  and  discussion  of  papers  took  place. 

Present : — Lt.-Col.  F.  Cunynghame-Hughes,  President  (in  the 
Chair),  Messrs.  G.  F.  Adams,  W.  Combey,  G.  deP.  Cotter,  W.  S.  Elphin- 
stone,  J  Henry  Evans,  Tom.  S.  Gibson,  H.  G.  Graves,  Dr.  H.  H.  Hay- 
den,  Messrs.  C.  A.  John  Hendry,  B.  Heaton,  Jhaverilal  K.  Dholakia, 
H.  Lancaster,  J.  A.  Millar,  Geo.  Miller,  H.  C.  Read,  R.  R.  Simpson, 
A  vStead,  and  G.  C.  Webster. 


Presidential  Address. 

Gentlemen, — It  was  not  without  some  misgivings  that 
I  received  the  proposal  of  Mr.  Adams  that  I  should  stand 
as  a  candidate  for  the  Presidential  chair  of  this  Institution. 
When  I  look  at  the  list  of  eminent  mining  engineers  and 
geologists  who  have  filled  this  position,  I  realize  that  the 
honour  you  have  done  me  in  selecting  me  as  your  President 
is  a  great  one,  and  I  feel  that  it  devolves  on  me  to  do 
the  very  best  I  can  for  the  Institute  during  my  year  of 
office. 

Our  Society  has,  as  indeed  have  all  similar  bodies, 
passed  through  a  period  of  stress  and  strain  during  the  last 
few  years  owing  to  this  lamentable  war  which  has  now  for 
over  three  years  been  convulsing  the  world,  the  end  of  which 
is  not  even  yet  in  sight. 

I  feel  convinced,  however,  that  our  Institute 'fills  a  very 
real  want,  and  performs  most  useful  functions  in  the  educa- 
tion of  its  members  in  all  technical  matters  connected  with 
their  profession. 

In  addition,  it  is  useful  to  the  financiers,  managing 
agents  and  others  connected,  directly  or  indirectly,  with  the 
mining  and  metallurgical  industries  of  the  country,  by 
encouraging,  through  its  meetings  and  publications,  an 
active  and  intelligent  interest  in  these  ventures. 

Whilst  this  war  has  inflicted  untold  misery  and  suffer- 
ing on  the  whole  civilized  world  and  is,  indeed,  the  most 
terrible  scourge  which  humanity  has  ever  endured,  we 
cannot  but  perceive  its  beneficial  effects  in  the  stimulus  it 
has  given  to  the  industries  of  India. 
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We  are  at  last  beginning  to  realize  that  many  of  the 
raw  materials  produced  in  such  lavish  quantities  in  this  land 
can  be  converted  here  into  the  finished  product.  The 
mineral  ores  and  metals  extracted  from  the  earth  are  the 
raw  materials  in  which  we,  as  members  of  this  Institution, 
are  interested. 

The  extraction  of  these  is  the  work  of  the  mining 
man ;  but  it  is  to  the  metallurgist  and  chemist  that  we 
must  look  to  have  these  raw  materials  turned  to  useful 
account.  It  is  to  this  side  of  the  question  that  I  should 
like  to-day  to  direct  your  attention  more  particularly.  You 
have  ahead}-  had  many  presidents,  much  better  qualified 
than  I  am,  to  discuss  the  subject  of  mining,  and  I  feel  sure 
that  I  shall  serve  a  more  useful  purpose  by  confining  this 
address  almost  entirely  to  a  description  of  certain  metallur- 
gical processes  particularly  relating  to  the  precious  metals 
— gold,  silver,  platinum,  etc. 

As  regards  the  metallurgy  of  iron  which  is  rapidly 
attaining  to  the  importance  it  deserves,  I  do  not  intend  to 
say  much. 

It  is  an  undisputed  fact  that  the  war  has  accorded  to 
our  steel  and  iron  works  that  measure  of  protection  which 
was  needed  to  galvanize  them  into  really  flourishing  indus- 
tries. I  will  not  venture  into  the  thorny  paths  of  politics 
or  into  considering  the  pros  and  cons  of  free  trade  and 
protection,  but  will  only  remark  that  I  sincerely  hope  that 
the  encouragement  which  has  been  afforded  to  Indian  indus- 
tries by  the  war  may  not  be  allowed  to  slacken  after  peace 
is  declared,  and  that  the  good  work  started  by  Sir  Thomas 
Holland  and  his  colleagues  may  bear  permanent  fruit  by 
enabling  India  to  utilize  and  manufacture  herself  the  raw 
materials  which  she  produces  in  such  profusion. 

As  all  metallurgy  is  dependent  on   an   ample  supply 
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of  fuel,  I  cannot  pass  over  that  important  industry — coal- 
mining— without  saying  a  few  words  on  the  subject. 

The  output  of  coal  has  been  steadily  increasing  in 
India,  but  the  demand  is  constantly  exceeding  the  supply, 
and  it  is  to  the  members  of  this  Institute  connected  with 
coal-mining  that  the  metallurgist  must  look  for  the  fuel 
which  is  the  breath  of  his  existence. 

One  of  the  great  aims  of  this  Institute  is  the  improve- 
ment of  methods  of  mining  and  coal  extraction,  and  the 
conservation  of  our  great  and  valuable  supplies  of  fuel.  I 
am  sure  that  the  work  done  by  certain  members  of  our  In- 
stitute has  already  borne  fruit  in  improving  mining  methods, 
and,  thereby,  preventing  waste,  and  increasing  production. 

There  is  one  product  however,  which  is  essential  to  the 
metallurgist  and  which,  I  sincerely  hope,  will  occupy  more 
and  more  the  attention  of  our  coal  magnates.  I  refer  to 
coke.  Up  till  quite  lately  little  coke  was  produced  in 
India  under  scientific  methods. 

I  well  recollect  when,  at  a  meeting  of  this  Institution  in 
1909,  Mr.  T.  H.  Ward  showed  us  what  was,  I  believe,  the 
first  bye-product  recovery  coke-oven  erected  in  India. 
Let  us  hope  that  the  time  will  soon  come  when  the  larger 
proportion  of  coke  produced  in  the  collieries  will  be  from 
ovens  of  this  description. 

The  waste  of  burning  coke  in  open  kilns  and  allowing 
all  the  valuable  products  of  distillation  to  disappear  into 
the  air  has  constantly  been  animadverted  on  by  members 
of  this  Institute. 

It  is  questionable  whether  a  matter  of  such  prime 
importance  should  not  become  a  subject  of  legislation,  but 
let  us  hope  that  those  responsible  for  the  outturn  of  coke 
will  see  that  it  is  to  their  own  advantage  not  only  to  pro- 
duce a  superior  article  but  to  conserve  the  valuable  bye- 
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products,  tar,  sulphate  of  ammonia,  etc.,  and  utilize  the 
gas  produced  for  power  purposes,  thus  saving  coal. 

From  the  point  of  view  of  the  metallurgist  the  produc- 
tion of  a  good  class  of  coke  is  vital.  At  the  present  moment 
in  the  Calcutta  Mint  we  have  to  use  a  certain  amount  of 
English  coke  owing  to  the  difficulty  of  procuring  a  high 
enough  grade  locally.  Yet  I  feel  convinced  from  my 
knowledge  of  Indian  coals  that  there  are  seams  in  the  Jharia 
and  Giridih  fields,  if  not  in  other  localities,  which  could 
produce  a  fuel  of  almost  equal  quality,  if  sufficient  care  were 
taken  in  the  selection  of  dust  used  for  its  manufacture. 
The  price  which  such  a  product  could  demand  at  present 
in  special  industries  where  melting  of  metals  is  concerned 
would  warrant  some  attempt  being  made  to  produce  it. 

I  will  now  pass  on  to  the  main  subject  of  my  address, 
the  metallurgy  of  the  non-ferrous  metals,  particularly  the 
precious  metals — gold  and  silver.  My  position  as  Deputy 
Assay  Master  of  the  Calcutta  Mint  brings  me  into  more 
intimate  connection  with  the  precious  metals  than  with 
any  others,  though  we  are  brought  into  more  or  less  close 
contact  with  all  the  ordinary  non-ferrous  metals,  such  as 
copper,  nickel,  zinc,  tin,  lead,  etc.,  which  are  used  as  alloys 
for  coinage  and  in  processes  of  refining  the  precious  metals. 

It  is  my  intention  to-day  to  give  you  a  description  of 
the  different  methods  of  refining  gold  and  silver  bullion 
whilst  considering  their  practical  application  to  India. 

According  to  the  latest  statistics  about  600,000  oz.  of 
gold  are  produced  yearly  in  India  and  Burma,  of  which  90 
per  cent  comes  from  Mysore,  valued  at  over  2 \  million  ster- 
ling. Before  the  war  the  whole  or  practically  the  whole 
of  this  production  was  shipped  direct  to  Europe  to  be 
refined  and  sold.  The  question  of  coining  gold  in  India 
came  up  some  years  ago  but  was  eventually  shelved.     It 
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has  now  again  come  forward  and  it  is  probable  that  the 
sovereign  will  soon  be  coined  in  Bombay.  The  point  we 
have  to  consider  is  that,  before  gold  produced  in  the 
mines  can  be  utilized  for  coining  or  in  the  arts,  it  must  be 
refined.  Gold,  as  produced  from  the  mines,  generally  con- 
tains traces  of  deleterious  metals,  such  as  lead,  bismuth, 
arsenic,  antimony,  etc.,  which  renders  it  brittle  and  useless 
for  coining  or  manufacture  into  jewelry.  Besides  this,  it 
contains  considerable  quantities  of  silver  and  sometimes  the 
more  precious  platinum  metals  which  it  pays  to  extract 
Large  quantities  of  gold  of  low  fineness  is  also  produced 
from  the  treatment  of  cyanide  solution.  This  is  always 
heavily  contaminated  with  zinc  and  requires  to  be  specially 
treated  by  capellation  with  lead  or  by  some  other  method 
in  order  to  fit  it  for  use.  Before  using  the  gold  produced 
from  the  Indian  mines,  it  was  obviously  necessary  first  to 
erect  a  refinery  in  this  country,  and  this  project  has  at  last 
taken  shape,  and  it  is  hoped,  before  long,  will  be  an  accom- 
plished fact. 

There  are  four  processes  of  refining  and  parting  gold 
and  silver  which  are  in  general  use,  and  I  hope  that  a  short 
description  of  them  will  interest  the  members  of  this  Insti- 
tute :— 

i.  The  Nitric  Acid  Refining  Process. — This  has  been 
almost  entirely  superseded  in  Europe  by  more  economical 
modern  methods,  but  it  is  still  employed  in  India  by  local 
refiners.  It  consists  in  first  melting  down  the  bullion  with 
from  2  to  3  times  its  weight  in  silver.  This  is  done  to 
obtain  an  alloy  which  will  admit  of  the  whole  of  the  silver 
it  contains  being  dissolved  in  the  acid  leaving  the  gold  un- 
acted on. 

This  alloy  is  granulated  by  pouring  into  water  and 
then  placed  in  the  acid  vats.     The  nitric  acid  dissolves 
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the  silver  leaving  the  gold  as  a  brown  porous  mass.  The 
silver  is  recovered  from  the  solution  by  the  addition  of  salt 
which  brings  it  down  as  a  chloride. 

Metallic  silver  is  recovered  from  the  chloride  either  by 
direct  fusion  with  chalk  and  charcoal  or  soda  carbonate,  or 
by  reduction  to  metal  by  means  of  iron,  zinc  or  alu- 
minium. 

On  a  small  scale  this  is  the  method  used  in  Assay 
laboratories  for  the  assay  of  gold  bullion.  Gold  recovered 
by  this  method  is  commercially  pure  and  should  assay  qq8 
to  999  fine. 

2.  The  Sulphuric  Acid  Process. — In  1912,  whilst  going 
through  a  course  of  assaying  at  the  Royal  Mint,  London, 
I  had  the  opportunity,  through  the  assistance  of  my  friend 
Sir  T.  Kirke  Rose,  Chief  Assayer  of  the  Royal  Mint,  of 
visiting  Rothschild's  refinery  which  is  situated  close  to  the 
Mint.  The  process  used  is  a  simple  one  and  resembles  in 
many  respects  the  nitric  acid  process.  It  still  holds  its 
own  against  its  more  modern  competitors,  the  Chlorine  and 
Electrolytic  processes.  In  this  refinery  immense  quan- 
tities of  bullion  from  all  quarters  of  the  globe  are  under- 
going the  process  of  refining.  Before  submitting  the  bullion 
to  the  operation  of  parting  with  sulphuric  acid,  it  is  usual 
first  to  toughen  it,  i.e.  to  eliminate  the  bulk  of  deleterious  im- 
purities, such  as  lead,  zinc,  and  other  metals.  This  is  done  by 
melting  it  under  a  layer  of  nitre  which  oxidizes  the  impurities 
and  forms  a  slag  on  the  surface  which  can  be  skimmed  off. 
The  toughened  metal  contains  copper  as  well  as  silver  but 
most  of  the  other  base  metals  have  been  removed.  In 
order  to  part  the  gold  from  the  silver  it  is  necessary  to 
have  at  least  two  parts  of  the  latter  to  one  of  the  former. 
The  bullion  is,  therefore,  remelted  with  sufficient  silver  to 
bring  it  up  to  this  proportion,  and  the  molten  metal   is 
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poured  into  copper  containers  holding  water  which  granu- 
lates it  and  renders.it  easily  acted  on  by  the  acid. 

These  granulations  are  then  transferred  to  cast-iron 
receptacles  containing  strong  sulphuric  acid  and  cautiously 
boiled  therein.  The  silver  goes  into  solution  as  a  sulphate 
while  the  gold  remains  behind  as  a  dark  brown  powder  which 
is  then  carefully  strained,  washed  free  from  acid  and  melted 
with  nitre.  The  gold  produced  by  sulphuric  acid  parting  is 
generally  996  to  998  fine.  The  silver  liquors  after  settling 
are  run  into  large  lead-lined  tanks  containing  hot  water  and 
scrap  copper  where  the  silver  is  precipitated  as  a  fine  grey 
powder.  The  cost  of  this  method  is  about  one  penny  per 
ounce  of  gold  in  Europe,  but  the  cost  in  India  would  pro- 
bably be  somewhat  greater  owing  to  the  higher  price  of 
sulphuric  acid  in  this  country. 

Before  proceeding  to  describe  the  other  processes,  I 
would  like  to  point  out  that  a  great  opportunity  was  lost 
by  not  having  refineries  in  connection  with  the  Indian 
mints  about  ten  years  ago. 

At  that  time  immense  quantities  of  1835  and  1840 
rupees  were  being  remelted  and  recoined.  These  issues 
contain  notable  quantities  of  gold. 

In  1913,  I  undertook  an  exhaustive  analysis  of  the 
different  issues  of  rupees,  the  results  of  which  were  em- 
bodied in  the  Mint  Reports,  1913-14.  I  then  found  that  the 
1835  rupees  contained  134  per  mille  of  gold  and  the  1840 
rupees  of  the  first  issue  as  much  as  181  per  mille.  The 
second  issue  of  1840  proved  to  be  much  less  auriferous. 

It  can  be  demonstrated,  however,  that  there  were 
amply  sufficient  coins  of  the  first  two  issues  for  the  pur- 
pose of  inquartation,  i.e.  for  melting  up  to  form  a  parting 
mixture. 

Let  us  now   consider  how   much  crude  gold   bullion 
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might  have  passed  through  these  refineries  assuming  that 
the  output  from  Indian  mines  has  been  treated  in  this 
way.  We  may  be  sure  that  in  addition  to  this  source 
much  Indian  commercial  gold  would  have  come  in  for 
treatment  as  it  could  be  refined  much  cheaper  than  by  the 
local  refiners.  Let  us  however  suppose,  neglecting  other 
sources,  that  out  of  600,000  oz.  of  gold  produced  annually 
by  the  Indian  mines,  500,000  oz.  only  passed  through  the 
refineries;  then  1,000,000  oz.  of  silver  at  least  would  be 
required  for  inquartation,  and  this  silver  could  have  been 
obtained  by  utilizing  the  auriferous  rupees. 

Let  us  assume  that,  on  an  average,  one  part  per  mille 
of  gold  only  was  extracted  from  them;  actually  the  coins 
contain  considerably  more,  viz.  about  15  per  mille.  Tak- 
ing, however,  the  former  figure  as  a  conservative  estimate, 
2,700  tolas  of  gold  would  have  been  extracted  from  them 
and  added  to  the  refined  gold  produced.  That  is  to  say, 
the  refineries  would  have  produced  annually  Rs.  64,800 
worth  of  gold  as  a  bye-product  from  rupees,  which  gold  is 
now  disseminated  throughout  the  new  issues  of  coinage 
and  lost. 

I  have  made  a  calculation  from  the  Mint  Reports  which 
shows  that  44,225,000  tolas  of  these  issues,  viz.  1835  and 
1840  first  issue,  were  remelted  in  the  Indian  mints  during 
the  ten  years  from  1906  to  1915.  This  gives  a  yearly  aver- 
age of  4,422,500  tolas  available  for  refining  purposes.  This 
source  of  income  would,  of  course,  gradually  diminish  as  the 
stock  of  auriferous  rupees  became  exhausted,  but  in  the 
meantime  about  45,000  tolas  of  gold  valued  at  10,80,000 
rupees  might  have  been  recovered  which  would  go  a  long 
way  towards  defraying  the  cost  of  refining.  The  refineries 
-even  without  this  adventitious  aid  would  undoubtedly  have 
been  very  paying  concerns  and  would  have  rendered  the 
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gold  produced  in  the  country  fit  for  the  arts  or  coinage 
without  the  risks  and  expense  of  shipping  to  Europe.  It 
has  been  calculated  that  during  the  last  five  years  52,857 
troy  oz.  of  gold  worth  over  34  lakhs  of  rupees  have  passed 
into  the  silver  coinage. 

3.  Refining  by  Chlorine  Gas. — It  has  been  proposed 
to  introduce  this  method  in  connection  with  the  Bombay 
Mint.  It  was  first  used  in  Australia  and  is  still  employed 
in  the  Melbourne  and  Sydney  mints.  It  consists  of  passing 
chlorine  gas  through  the  molten  metal  by  means  of  clay 
tubes  reaching  to  the  bottom  of  the  crucibles  in  which  the 
bullion  is  melted.  The  gas  bubbling  through  the  mass  com- 
bines with  silver  and  base  metals  leaving  the  gold  un- 
touched. At  this  high  temperature  gold  has  no  affinity 
for  chlorine,  though  readily  attacked  by  this  gas  at  ordi- 
nary temperatures. 

The  chlorine  is  generated  from  manganese  dioxide, 
sulphuric  acid  and  common  salt,  and  for  this  purpose  a 
special  generator  was  invented  by  Edwards.  At  Calcutta 
we  have  been  considering  the  possibility  of  constructing  a 
gasholder  to  collect  a  supply  of  the  gas  and  deliver  it  at 
the  required  pressure,  instead  of  taking  it  direct  from  the 
generator.  There  are  difficulties  owing  to  the  highly  noxious 
properties  of  chlorine  which  at  once  attacks  any  metal 
with  which  it  comes  in  contact.  Lead,  in  fact,  is  about  the 
only  common  metal  which  can  be  used  for  pipes  and  con- 
tainers. 

The  most  recent  process  for  chlorine  generation  is  an 
electrolytic  one,  and  the  gas  is  stored  in  cylinders  under 
pressure.  We  all  know  the  villainous  use  our  enemies 
have  made  of  this  gas,  thereby  intensifying  a  hundredfold 
the  horrors  of  war. 

To  continue  the  description  of  the  refining  process, 
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the  gas  is  bubbled  through  the  molten  metal  as  already 
described,  the  liquid  chlorides,  mostly  silver,  float  to  the 
surface  of  the  pot  and  are  ladled  out  and  cast  into  iron 
moulds.  The  gold  remains  in  the  pot  nearly  pure.  The 
chlorides  contain  some  gold  which  is  extracted  by  melting 
in  graphite  pots  and  treating  the  molten  mass  with  soda 
carbonate  which  reduces  the  gold  and  some  silver. 

The  metal  solidifies  and  the  fluid  chlorides  are  then 
poured  off  and  cast  into  slabs.  The  slabs,  after  being 
boiled  in  water  for  some  days  to  dissolve  out  chlorides  of 
copper  and  base  metals,  are  reduced  to  metallic  silver  by 
the  electrolytic  action  of  iron  plates  with  which  they  are 
placed  in  contact  in  slightly  acidified  water.  The  silver 
thus  produced  should  be  990  fine.  The  gold  from  the 
bottoms  produced  by  the  first  melting  of  the  chlorides 
with  soda  carbonate  can,  of  course,  be  easily  recovered  by 
parting  with  nitric  acid. 

4.  Electrolytic  Refining  Processes. — These  have  practi- 
cally superseded  the  Acid  Process  in  the  U.S.  mints. 

It  is  a  combination  of  the  methods  patented  by  Mce- 
bius  and  Wohlevill.  The  former  process  (Mcebius)  was 
successfully  used  for  some  years  for  the  treatment  of  dore 
silver,  which  contains  only  a  few  parts  of  gold  per  mille. 

The  bullion  for  treatment  is  melted  up  so  that  it 
contains  30  per  cent  of  gold  and  70  per  cent  of  silver, 
copper,  etc.  This,  it  will  be  noticed,  is  about  the  same  alloy 
as  that  used  in  the  Sulphuric  Acid  Process,  and  with  large 
amounts  of  silver  containing  small  percentages  of  gold 
available  for  use,  would  have  many  points  to  recommend 
it  over  the  Chlorine  Process. 

The  alloy  above  mentioned  is  cast  into  slabs  which 
are  used  as  anodes  in  the  positive  poles  in  the  electrolytic 
bath.     They  are  suspended  in  earthenware  tanks  in  which 
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the  liquid  circulates  by  gravitation,  being  syphoned  from 
the  uppermost  cell  into  the  next.  It  is  eventually  pumped 
into  a  distributing  tank  above  the  highest  cell. 

The  liquid  consists  of  dilute  nitric  acid  2  per  cent 
HNO,  with  some  silver  nitrate  in  solution,  the  current 
density  varies  from  75  to  20  amps  per  sq.  foot.  The 
cathodes  or  negative  poles  where  the  silver  is  deposited 
consist  of  thin  sheets  of  pure  silver  and  are  placed  alter- 
nately with  the  anodes.  These  are  lifted  out  once  in 
eight  hours  and  the  loosely  adherent  crystals  are  scraped 
into  a  dish.  That  which  falls  to  the  bottom  is  regained 
periodically.  The  silver  and  other  soluble  metals  contained 
in  the  anodes  are  gradually  dissolved  by  the  action  of  the 
electric  current,  while  the  gold  remains  as  a  coherent 
mass  retaining  the  shape  of  the  original  anode.  These 
are  easily  broken,  for  which  reason  the  anodes  are  tied  up  in 
muslin  bags  to  prevent  the  loose  pieces  of  gold  from  falling 
to  the  bottom  and  mixing  with  the  silver  there,  which 
would  necessitate  a  second  refining.  For  this  reason  also 
cells  in  which  the  anodes  and  cathodes  lie  in  a  horizontal 
position  have  been  made  to  supplement  the  vertical  cells. 

The  product  of  the  silver  cells  runs  from  999  to  nearly 
1,000  fine,  and  if  any  of  this  product  contains  more  than 
1  part  of  gold  to  30,000  of  silver  it  is  retreated.  Here  in 
India  we  have  permitted  silver  containing  over  2  parts  of 
gold  per  mille  to  go  back  into  circulation  owing  to  the 
want  of  suitable  refineries. 

The  foul  electrolyte  is.  eventually  treated  by  precipi- 
tating the  silver  it  contains  with  metallic  copper  and  re- 
gaining the  copper  by  a  chemical  process. 

The  gold  from  the  anodes  is  collected,  washed  free  from 
nitrate  of  silver,  dried,  melted  and  cast  into  anodes  for  the 
gold  cells,  of  which  I  will  now  give  a  short  description. 
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The  gold  is  refined  by  the  process  patented  by  Wohle- 
vill.  In  this  the  electrolyte  is  a  10  %  solution  of  hydro- 
chloric acid  containing  30  grammes  of  gold  as  chloride  to  the 
litre.  The  anodes  run  about  910  fine  with  70  parts  of  sil- 
ver. Under  the  original  direct  current  system  it  was  neces- 
sary to  heat  the  solution  to  6o°  to  700  C,  but  this  has  been 
obviated  by  the  use  of  an  alternating  current  in  series  with 
the  direct  current,  thus  producing  a  pulsating  current. 
This  improvement  has  turned  out  a  great  economic  success. 

The  cathodes  are  thin  sheets  of  pure  gold.  Under  the 
action  of  the  current  all  the  metals  in  the  anodes  are  con- 
verted into  chlorides,  the  silver  chloride  remaining  undis- 
solved, the  others  going  into  solution. 

At  the  New  York  refinery  the  anodes  are  8  in.  long,  3 
in.  wide  and  \  in.  thick  weighing  about  75  oz.  They  are 
suspended  by  gold  hooks  in  the  electrolyte.  The  anode 
cannot  be  entirely  submerged  or  the  hooks  would  be  eaten 
off  and  the  anode  fall  to  the  bottom  of  the  tank. 

Nearly  pure  gold  is  deposited  on  the  cathodes  so  that 
the  gold  in  solution  is  gradually  replaced  by  copper,  lead, 
zinc,  tellurium,  etc.,  which  necessitates  occasional  additions 
of  gold  chloride.  When  the  liquid  becomes  too  heavily 
charged  with  base  metals  it  is  removed,  the  remaining  gold 
in  solution  being  precipitated  with  ferrous  sulphate. 

A  current  density  of  70  amps  per  sq.  foot  is  main- 
tained in  working  conditions,  whilst  the  electrolyte  is  kept 
in  circulation  by  means  of  hard  rubber  propellers  driven  by 
a  motor. 

The  anodes  are  dissolved  in  from  24  to  36  hours.  The 
anode  mud  contains  some  gold  but  consists  chiefly  of  sil- 
ver chloride.  The  slimes  and  the  electrolyte  contain  all 
the  metals  which  were  in  the  anodes,  and  it  is  here  that 
most  of  the  platinum  and  palladium  gradually  accumu- 


1918.]  PRESIDENTIAL   ADDRESS.  27 

late.  This  bye-product  of  platinum  is  a  source  of  income 
which  was  lost  in  the  old  acid  processes.  The  rare  metal 
palladium  also  adds  to  the  Government  revenue  but  the 
amount  recovered  is  much  smaller  than  the  amount  of 
platinum.  The  American  Mint  Reports  for  1916  show  that 
during  the  previous  year  2,614  oz-  platinum,  240  oz.  palla- 
dium and  4,5291b.  of  electrolytic  copper  were  recovered  as 
bye-products  from  the  refineries. 

The  advantages  claimed  for  the  Electrolytic  Process 
are : — 

(1)  Only  a  small  amount  of  acid  is  consumed — a  great 
consideration  in  India. 

(2)  The  absence  of  acid  fumes,  no  special  ventilation 
being  found  necessary.  In  both  the  Sulphuric  Acid  and 
Chlorine  processes  the  fumes  produced  are  disagreeable  and 
noxious. 

(3)  Platinum,  palladium,  etc.,  are  recovered  whereas 
in  the  other  processes  they  are  left  mixed  with  the  gold. 
The  great  value  of  these  metals  reduces  enormously  the  cost 
of  the  process. 

I  have  not  been  able  to  discover  what  percentage  of 
platinum  Indian  gold  contains,  and  it  would  be  worth  ex- 
amining Indian  mines  gold  carefully  to  discover  if  appre- 
ciable quantities  of  the  metal  exist  in  it.  Ordinary 
methods  of  gold  assay  do  not  reveal  the  existence  of  small 
traces  of  platinum.  To  carry  out  the  investigation  pro- 
perly, a  considerable  quantity  of  bullion  should  be  dissolved 
up  in  aqua  regia  and  the  platinum  extracted  with  ammo- 
nium chloride  and  its  quantity  estimated.  Very  small 
traces  would  help  to  decrease  considerably  the  refining 
costs,  particularly  at  the  present  time  when  platinum  has 
more  than  5  times  the  value  of  gold.  Moreover,  the  metal 
has  enormous  value  for  electrical  work,  such  as  contacts 
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for  induction  coils,  etc.,  and  has  lately  been  almost  un- 
procurable owing. to  restrictions  on  its  export. 

As  regards  metals  other  than  gold,  I  do  not  intend  to 
go  into  a  detailed  description  of  modern  methods  of  extrac- 
tion, as  I  have  probably  taxed  your  patience  sufficiently 
already  ;  but  I  will  merely  mention  some  of  the  metals 
already  being  produced  and  indicate,  in  a  general  way,  the 
developments  which  metallurgy  will  probably  take  in 
India. 

With  regard  to  metals,  and  indeed  all  mineral  products, 
I  cannot  too  forcibly  impress  on  those  responsible  for  their 
development  the  necessity  of  producing,  wherever  possible, 
the  finished  product  or  the  refined  metal,  instead  of  ex- 
porting the  raw  material  to  be  refined  in  another  country. 

In  many  cases  the  raw  material  occurs  abundantly  in 
this  country  and  after  exportation  reappears  later  on  in 
the  finished  product.     Manganese  is  a  case  in  point. 

Until  the  iron  industry  expands  to  much  greater 
dimensions,  we  must  be  content  to  see  the  bulk  of  our 
supplies  of  manganese  leave  the  country.  There  is,  how- 
ever, no  apparent  reason  that  the  ferro  alloys,  such  as  ferro 
manganese,  ferro  silicon,  spiegel  eisen,  etc.,  should  not  be 
manufactured  on  the  spot  and  the  products  exported 
instead  of  crude  manganese. 

I  think  we  are  bound  to  see  a  great  increase  in  coming 
years  in  the  production  of  copper,  lead,  zinc  and  silver 
principally  from  the  Burmese  mines.  The  Cape  Copper 
Company  have  now  large  reserves  of  low  grade  copper  ore, 
and  it  is  to  be  hoped  that  from  this  source,  from  Burmah 
and,  perhaps,  from  Sikkim,  Rajputana,  and  other  localities 
constantly  increasing  supplies  of  this  useful  metal  will  be 
forthcoming.  In  this  case,  large  central  smelting  works 
should  eventually  be  created  near  the  coal-fields  to  treat 
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the  ores  extracted  all  over  India.  This  is  undoubtedly  the 
economic  way  of  dealing  with  all  the  varieties  of  ores  which 
are  likely  to  be  produced  from  different  mines,  small  and 
large,  all  over  the  country.  It  would  be  a  great  encourage- 
ment to  the  owners  of  small  mines  which  are  unable  them- 
selves to  incur  the  expense  of  erecting  smelters,  to  be  able 
to  sell  their  output  on  its  assay  value,  to  the  Central 
Smelting  Company. 

The  output  of  lead  and  silver  from  Burmese  mines  is 
constantly  increasing.  It  is  to  be  hoped  that  the  zinc  ores 
which  were  formerly  shipped  to  Belgium  and  Germany 
will  eventually  be  treated  either  locally  or  in  India. 

There  is  no  apparent  reason  that  distillation  furnaces 
tired  with  producer  gas  should  not  be  erected  at  or  near 
Calcutta.  In  modern  gasfired  furnaces  the  consumption 
is  from  i"i  to  i'6  tons  of  coal  to  the  ton  of  ore,  and  Indian 
coal  of  low  grade  should  be  quite  suitable  for  the  purpose 
of  producing  the  gas.  The  furnaces  are  of  the  regenerative 
type  in  which  air  and  gas  are  heated  up  by  passing  through 
brick  regenerative  chambers — the  burning  gas  passing 
through  the  rows  of  retorts  to  other  regenerative  chambers 
and  thence  to  the  chimney  stack,  the  direction  -of  the 
currents  of  gas  and  air  being  reversed  about  every  half 
hour. 

There  is  nothing  in  these  furnaces  which  could  not  be 
constructed  from  local  materials,  and  our  potteries  could 
doubtless  turn  out  the  fire  clay  retorts  used  for  the  distilla- 
tion of  the  zinc.  Probably  the  Burmese  zinc  ores  could  be 
economically  treated  on  the  spot  in  furnaces  fired  with 
petroleum  gas.  I  will  not  risk  unduly  taxing  the  patience 
of  my  listeners  by  describing  other  metallurgical  processes 
winch  we  hope  to  see  introduced  into  India,  but  with  our 
great  potentialities  in  the  way  of  abundant  water  power,  it 
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appears  that  such  industries  as  the  electrolytic  reduction 
of  aluminium  from  its  oxide  which  occurs  abundantly  in 
the  form  of  Bauxite,  and  the  manufacture  of  such  useful 
products  as  calcium  carbide,  and  perhaps  even  nitric  acid 
from  the  air,  should  offer  attractive  possibilities  in  the  near 
future. 

What  Mr.  Adams  said  in  his  presidential  address  in 
1 9 1 2  regarding  education  equally  applies  to  the  metallurgi- 
cal industries.  More  and  more  men  of  good  sound  educa- 
tion will  be  required  as  these  industries  develop,  and  I 
sincerely  hope  that  through  the  instrumentality  of  such 
excellent  Institutions  as  the  Sibpore  Engineering  College, 
the  intelligent,  hard-working  man  who  cannot  afford  to 
study  in  Europe  may  be  able  to  obtain  the  necessary 
technical  education  and  training  out  here.  It  is  to  the 
industrial  expansion  of  India  that  we  must  look  to  find 
employment  for  the  ever-increasing  body  of  educated  and 
intelligent  men  who  might  otherwise  find  no  useful  scope 
for  their  abilities. 

I  will  close  now  by  wishing  the  Institution  a  pros- 
perous year.  It  has  already  more  than  vindicated  its  exis- 
tence, and  I  hope  that  those  who  are  connected  with  metal- 
lurgical industries  will  avail  themselves  of  the  opportuni- 
ties given  by  this  Society,  by  contributing  papers. 

There  are  many  matters  of  supreme  interest,  such  as 
the  utilization  of  refractory  materials,  improvements  in 
furnaces,  manufacture  of  crucibles,  muffles,  retorts,  etc.,  on 
which  information  would  be  exceedingly  useful.  Our  every 
endeavour  should  be  directed  to  the  utilization  of  the  enor- 
mous resources  in  raw  material  in  the  country  itself,  so 
that  India  may  become  more  and  more  self- suppoi  ting 
as  time  goes  on  
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A  vote  of  thanks  to  the  President  for  the  Address 
was  proposed  by  Mr.  H.  G.  Graves,  which  was  seconded  by 
Mr.  G.  F.  Adams,  and  carried  unanimously. 

DISCUSSION    ON    "  REPORT    ON    MINING    EDUCATION    IN 
ENGLAND    WITH    SPECIAL    REFERENCE   TO    INDIA." 

.1/;'.  B.  Heaton  : — -I  may  inform  you  shortly  regarding 
the  progress  that  has  occurred  since  I  last  had  the  pleasure 
of  speaking  to  the  members  of  the  Institute.  The  Govern- 
ing Body  of  the  Civil  Engineering  College  appointed  a  Com- 
mittee amongst  whom  were  Mr.  G.  F.  Adams  and  myself  to 
see  how  far  it  may  be  possible  to  introduce  at  the  Sibpur^ 
College  the  classes  proposed  for  the  School  of  Mines  to  be 
situated  in  the  Colliery  Districts.  This  Committee  in  con- 
sidering the  matters  entrusted  to  them  gave  close  attention  to 
the  recommendations  made  in  the  valuable  report  of  Messrs. 
Adams,  Roberton  and  Glen  Ge,orge  we  are  now  discussing. 

They  have,  however,  found  it  possible  to  advise  Gov- 
ernment that  under  the  conditions  that  must  obtain  so 
long  as  the  classes  remain  at  Sibpur  the  recommendations 
regarding  a  compulsory  period  of  practical  training  either 
before  or  during  the  College  course  shall  be  enforced. 
The>*  have  suggested  that  during  the  first  year  of  the  Col- 
lege course  while  candidates  to  some  of  whom  Mining  may 
prove  an  unsuitable  profession  may  yet  take  up  another 
profession  shall  be  sent  to  the  College  Mining  Camp  and 
there  taken  down  some  coal  pits  to  see  the  sort  of  work 
they  will  have  to  undertake. 

They  have  urged  that  in  the  interests  of  the  Coal  In- 
dustry recruitment  to  the  classes  shall  be  open  to  students 
from  the  whole  of  India  so  that  we  may  attract  the 
best  material.  They  have  urged  the  importance  of  admit- 
ting a  large  percentage  of  Anglo-Indian  lads  for  whom 
there  is  so  great  a  demand  from  both  British  and  Indian 
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owned  mines,  and  they  have  recommended  that  a  class  for 
the  training  of  Mine  Surve^-ors  be  started. 

In  making  the  above  recommendations  they  have 
been  inclose  consultation  with  the  Mining  Advisory  Board. 

I  may,  in  conclusion,  point  out  that  the  appointment 
of  the  Calcutta  University  Commission  whose  duty  it  is  to 
advise  Government  regarding  the  development  of  techni- 
cal education  in  relation  to  the  Calcutta  University  will 
make  it  necessary  to  see  that  the  organization  to  which 
Mining  Education  is  to  be  entrusted  shall  be  one  on  which 
the  Mining  Community  are  adequately  represented,  and 
one  which  does  not  throw  the  control  of  the  course  of  in- 
struction and  the  examination  standards  into  the  hands  of 
members  of  other  professions  and  faculties.  In  my  opinion 
the  very  closest  touch  with  the  Industry  must  be  maintained. 

DISCUSSION   ON    MR.    EVANS'    PAPER    "HOUSING    OF 

LABOUR    AND   SANITATION    AT    MINES 

IN    INDIA. 

Mr.  G.  F.  Adams  asked  for  some  other  members' 
opinions  in  regard  to  the  floor  area  as  he  thought  150  sq. 
ft.  somewhat  high. 

Mr.  J.  H.  Evans  said  that  the  150  sq.  ft.  included  the 
verandah. 

Mr.  J.  A.  Millar,  in  reply  to  Mr.  Gibson's  statement  that 
Sonthal  miners  would  not  live  in  tiled  huts,  said  that 
during  his  experience  as  manager  at  Singaran  about  16  years 
ago,  he  built  four  large  tiled  huts  of  four  rooms  each  and 
the  greater  number  of  these  are  always  occupied  by  per- 
manently settled  Sonthal  miners,  but  they  insisted  that 
there  should  be  one  straw-roofed  hut  built  within  the 
group.  This  was  done,  and  in  addition  they  were  given 
a  certain  amount  of  land  to  cultivate. 
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He  further  added  that  after  the  meeting  he  visited  the 
tiled  huts  above  referred  to  and  found  them  still  occupied 
by  Sonthal  miners,  and  among  them  two  families  who  were 
living  in  them  when  he  left  the  colliery  some  12  years  ago. 
This  shows  that  Sonthal  miners  would  live  in  tiled  huts 
under  certain  conditions.  He  agreed  with  Mr.  Gibson  that 
as  a  matter  of  choice  the  Sonthal  miners  would  prefer  to 
live  in  a  straw-roofed  hut,  usually  larger  than  the  ordinary 
miner's  hut,  and  approximating  as  nearly  as  possible  to  his 
village  conditions.  He  is  the  cleanest  of  the  miners,  but 
he  gets  lax  after  working  on  the  colliery  for  an  appreciable 
time. 

Mr.  H.  G.  Graves  said  that  it  would  be  interesting  to 
know  if  the  introduction  of  chimneys  would  be  appreciated 
by  the  labourers.  At  cooking  time,  the  house  is  almost 
impenetrable  by  reason  of  the  smoke  that  wells  out 
through  every  crevice,  and  with  cumulative  effect  renders 
a  town  more  foggy  than  half  a  dozen  factories.  A  chimney 
is  exceedingly  rare  in  any  Indian  house,  even  in  the  cook- 
rooms  of  the  better  classes,  as  the  speaker  had  found 
during  some  recent  enquiries  into  the  novelty  of  a  patent. 
Even  a  hood  over  the  fireplace,  like  that  over  a  black- 
smith's forge,  was  uncommon.  In  the  more  civilized  parts 
of  Europe,  chimneys  were  rare  some  three  centuries  ago  in 
the  houses  inhabited  by  the  lower  orders,  but  now  the  ab- 
sence of  a  chimney  is  a  matter  for  wonderment  in  all  save 
hovels.  There  was  a  chance  for  great  improvement,  al- 
though it  was  to  be  feared  that  people  who  had  been  in 
the  habit  of  being  smoked  out  daily  would  prefer  to  retain 
their  ancient  custom. 

Mr.  C.  A.  John  Hendry  said  that  it  appeared  to  him 
that  not  only  should  the  design  of  the  dhowrahs  receive  at- 
tention, but,  what  was  possibly  more  important,  the  ground 
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intervening  between  one  dhowrah  and  the  other.  One 
often  sees  this  portion,  between  tolerably  well-built  houses, 
remaining  an  unsightly  patch  on  to  which  all  sorts  of  rub- 
bish from  the  huts  is  thrown,  an  area  which  becomes  a 
miniature  swamp,  rendering  the  whole  settlement  un- 
healthy. He  referred  to  the  kraals  in  the  remoter  districts 
of  South  Africa  where  the  huts  were  built  of  strips  of 
bamboo,  plastered  inside  and  outside  with  clay,  and  the 
whole  surmounted  by  a  thatched  roof  which  projected 
some  distance  beyond  the  walls.  Though  a  comparatively 
barbarous  people  they  kept  their  huts  and  surroundings 
very  clean,  the  floors  being  well  raised  inside  the  hut  and  also 
for  about  four  feet  outside,  so  as  to  form  an  outdoor  sleep- 
ing place.  The  huts  were  comparatively  close  together  so 
that  it  was  quite  possible  to  keep  the  whole  area  between 
smooth  and  clean  by  first  ramming  the  earth  hard  down 
and  then  giving  it  a  coat  of  clay  which  was  pressed  smooth. 
The  neatness  and  cleanliness  of  such  kraals  is  in  striking 
contrast  to  the  most  orderly  coolie  lines  in  this  country. 
It  would  be  an  advantage,  he  added,  to  keep  the 
dhowrahs  close  enough  together  to  enable  the  intervening 
space  to  be  suitably  graded,  drained,  and  levelled  in  an 
economical  manner. 

DISCUSSION  ON  MR.  HENDRY'S  PAPER  "SOME  PRIMARY 
CONSIDERATIONS  IN  HYDRAULIC  STOWING  IN  MINES, 
WITH  A  NOTE  PARTICULARLY  RELATING  TO  THE 
COALFIELDS   OF   BIHAR." 

J.  A.  Millar  said  that  as  regards  aerial  transport  there 
was  no  doubt  that  owing  to  the  conditions  of  the  pro- 
perties in  the  Jharia  coalfields  aerial  transport  would  be 
most  suitable,  but  the  probability  was  that  the  cost  of 
a  very  large  installation  would  prevent  it  from  being 
introduced,  except   near  the  Damuda  River,  where    very 
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cheap  and  rough  installations  could  be  put  up  for   each 
colliery. 

Mr.  H.  G.  Graves  said  wire  ropeways  were  working 
all  over  the  world  and  carrying  thousands  of  tons  daily. 
There  was  no  doubt  as  to  their  utility  and  economy  in 
handling  material,  but,  where  the  circumstances  permitted, 
railways  or  tramways  were  far  preferable,  both  in  capital 
cost  and  in  expenses  of  working.  Loads  should  only  be 
carried  above  the  ground  when  the  country  was  too  broken  or 
mountainous,  or  was  much  intersected  by  rivers  and  rights 
of  way,  to  allow  rails  to  be  laid  with  reasonable  gradients 
and  bridges.  Stowing  had  proved  to  be  of  great  advan- 
tage in  certain  localities  and  if  it  did  increase  the  cost  of 
coal  by  a  certain  amount  per  ton,  it  enabled  a  large  ex- 
traction of  the  mineral,  each  ton  of  which  would  bear  its 
share  of  the  cost  and  also  yield  its  proportion  of  profits. 
The  day  was  coming  when  they  could  not  neglect  the 
interests  of  posterity  by  being  content  at  the  moment  to 
pick  out  the  eyes  of  the  property  with  consequent  ruin  of 
the  bulk.  That  had  to  be  considered,  as  well  as  the  im- 
mediate question  of  finding  the  maximum  for  the  tonnage 
multiplied  by  the  profit  per  ton  sold.  The  author  of  the 
paper,  amongst  the  suggestions  for  handling  sand  from 
the  river-bed  to  the  bank,  had  not  mentioned  floating 
dredgers,  which  floated  in  a  basin  dug  by  themselves. 
Their  adoption  might  solve  some  of  the  problems  inciden- 
tal to  the  continuous  shifting  of  the  collecting  point. 

C.  A.  John  Hendry  said  the  endless  haulage  was 
favoured  for  its  economy  over  an  aerial  ropeway  in  the  case 
where  a  daily  load  of  5,000  tons  was  required.  So  far  as  he 
could  recollect  the  grade  having  once  surmounted  the  river 
bank  would  be  inconsiderable,  and  to  obviate  the  sag  on  a 
single  rope  dealing  with  the  load  mentioned  the  rope-sup- 
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porting  standards  would  need  to  be  so  close  together  that 
they  would  cost  more  than  the  track,  while  doubling  the 
rope  would  also  bring  the  cost  equal  to  that  of  the  rails. 

In  the  case  of  the  ropeway,  it  had  very  defined  limits  of 
capacity  ;  in  the  case  of  the  track  it  would  carry  as  much 
as  could  be  crowded  on  to  it.  In  the  case  of  short  lines, 
apart  from  the  main  project  of  bringing  sand  from  the 
Damuda  to  Jharia,  the  ropeway  would  certainly  deserve 
consideration.     The  paper,  however,  dealt  with  all  this. 


Meeting  at  South  Bulliari. 

Held  on  Monday,    April   ist,   1918. 

At  the  kind  invitation  of  the  East  Indian  Coal  Co., 
hd.,  the  second  Ordinary  General  Meeting  of  the  Institute 
was  held  at  Kendwadih  and  South  Bulliari  on  Monday,  the 
ist  April,  1 91 8.  The  Calcutta  members  travelled  by  train 
to  Dhanbad  and  thence  motored  over  to  Kendwadih.  At 
9-15  a.m.  members  visited  the  East  Indian  Coal  Co.  Ld.'s 
Power  Station  and  Workshop  at  Kendwadih.  At  10  a.m. 
they  proceeded  to  the  South  Bulliari  colliery  and  inspected 
the  surface  plant  and  underground  pumping  arrangements 
under  the  guidance  of  Mr.  R.  G.  M.  Bathgate  and  his  staff. 

At  1  p.m.  the  members  were  entertained  at  a  lunch 
kindly  provided  by  the  Company. 

Present  : — Messrs.  G.  F.  Adams,  R.  F.  Augier,  R.  G.  M.  Bathgate, 
J.  Brown,  R.  F.  Campbell,  G.  Castles,  H.  Cooper,  F.  L.  Cork,  G.  deP. 
Cotter,  R.  S.  Davies,  L.  Diamond,  F.  Dufton,  J.  H.  F,vans,  R.  L.  Fri- 
zoni,  Glen  George,  \V.  Howarth,  E.  D.  James,  H.  Lancaster,  G.  C. 
Lathbury,  C.  H.  McCale,  J.  Mackie,  Jas.  Mason,  J.  Miller,  T.  C.  Murray, 
F.  Owen,  E.  H.  Roberton,  R.  R.  Simpson,  B.  Starks  Field  and  Thos. 
Walsh — Members. 

Messrs.  A.  Campbell,  A.  W.  Douglas,  F.  B.  Foster,  W.  A.  Gibbs,  T. 
Luby,  I.C.S.,  J.  J.  Marshall,  J.  E.  Phelps,  J.  R.  Taylor,  G.  W.  Thomp- 
son, Dr.  W.  D.  Williams  and  A.  V.  Wills — Visitors. 

The  following  are  the  descriptions  of  the  plant 
visited  : — 

KENDWADIH   POWER   STATION. 

Boilers. — The  boiler  installation  consists  of  two 
30'  x  8'  Eancashires  by  Edwin  Danks&Co.  and  four  Babcock 
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&  Wilcox's  multitubular  boilers.  The  latter  boilers  have 
each  a  heating  surface  of  2,852  sq.  ft.  and  are  fitted  with 
superheaters,  each  of  415  sq.  ft.  heating  surface,  and  with 
Babcock  &  Wilcox's  chain  grate  stokers.  These  stokers 
are  driven  at  one  end  of  the  driving  shaft  by  a  small  steam 
engine,  and  at  the  other  by  an  electric  motor  through  a 
reduction  gear.  The  reduction  gear  formed  originally  part 
of  the  South  Bulliari  sinking  plant,  but  has  since  been  uti- 
lized for  this  purpose.  As  a  digression  it  might  here  be 
mentioned,  that  the  whole  of  South  Bulliari  sinking  plant 
was  so  designed  that  all  excess  gear  could  be  adapted  for 
other  colliery  purposes,  on  completion  of  the  sinking. 

Steam  is  generated  at  120  lbs.  sq.  in. 

Prime  Movers.  —These  consist  of  two  sets  of  Belliss  & 
Morcom  compound  engines,  and  two  Willans  &  Robinson's 
turbines. 

The  Belliss  &  Morcom  engines  run  at  300  r.p.m.  and 
are  each  coupled  up  with  Siemens  alternators  of  200/250 
K.W.  capacity.  These  engines  are  capable  of  developing 
continuously  a  15  °o  overload,  and  are  fitted  with  a  very 
sensitive  governor  gear,  connected  to  the  engine  crank- 
shaft, which  permits  of  a  maximum  momentary  deviation 
of  5  % — when  full  load  is  thrown  off  or  on — either  way 
when  running.  The  steady  speed  variation  between  full 
load  and  no  load,  being  arranged  not  to  exceed  i\  %. 

The  Willans  &  Robinson's  turbines  are  each  coupled 
to  750  K.W.  Siemens  alternators  running  at  3,000  r.p.m. 

Each  turbine  exhausts  into  a  Westinghouse  Le-Blanc 
Multi-Jet  condenser,  which  is  capable  of  dealing  with 
18,000  lbs.  of  steam  per  hour,  and  is  fitted  with  a  combined 
rotary  water  circulating  and  air  pump,  driven  by  a  72  H.P. 
2,200  volt  motor  at  720  r.p.m. 

These  condensers  have  given  every  satisfaction  and 
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have  always  maintained ' a  minimum  vac.  of  27".  We  have 
never  yet  had  occasion  to  work  with  less  than  27"  of 
vacuum,  but,  in  the  event  of  condenser  trouble,  the  ex- 
haust may  be  made  direct  to  atmosphere,  through  a  bye- 
pass  valve.  The  loss  in  rated  power,  however,  would  be 
considerable,  the  turbines  developing  only  350  K.W.  each, 
against  their  normal  capacity  of  750  K.W.  each. 

The  overload  capacity  for  short  duration  of  the  tur- 
bines is  50%,  but  will  run  for  two  hours  at  15  %,  without 
injury. 

The  governor  gear  permits  of  the  same  delicacy  of 
variation,  as  that  fitted  to  the  Belliss  &  Morcom  sets. 

Water  from  the  condenser  passes  through  a  Balcke 
cooling  tower  designed  to  deal  with  160,000  gallons  per 
hour  from  no°F.  to  90°F.  with  an  air  temp,  of  8o°F.  at  75  % 
humidity. 

Water  for  the  oil  cooler  is  supplied  direct  from  the  con- 
denser pump,  and  so  long  as  the  condenser  is  running,  so 
must  water  circulate  in  the  oil  cooler. 

Two  Gwynne  pumps  have  also  been  installed  for  this 
purpose,  and  are  kept  as  a  stand  by  in  the  unlikely  event 
of  failure  of  the  condenser  pump. 

Generators. — Messrs.  Siemens  Bros.  3-phase  alterna- 
tors, driven  by  the  Belliss  &  Morcom  sets,  are  of  the  re- 
volving field  type  with  star  coupled  stator ;  and  are  of 
200/250  K.W.  capacity,  generating  power  at  2,200  volts 
with  a  periodicity  of  50  cycles. 

These  alternators  are  separately  excited  by  direct 
coupled  exciters  with  an  ample  capacity  to  enable  the  al- 
ternator to  take  15  %  overload  continuously.  The  max. 
exciting  pressure  generated  being  no  volts,  and  the  max. 
output  75 '5  amps. 

The   alternator    voltage  is  regulated  by  means  of  a 
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Thury  type  automatic  regulator — the  regulator  motor 
being  operated  by  a  single  phase  50  eye.  no  volts  motor 
supplied  from  the  Power  Station  lighting  oil-cooled  trans- 
former. 

The  Siemens  Bros.  750  KAY.  three-phase  alternators 
driven  by  the  turbines,  generate  power  at  2,200  volts. 

They  are  of  the  totally  enclosed,  ventilated,  revolving 
field  type,  with  star  coupled  stator,  and  are  separately  ex- 
cited by  a  Westinghouse  motor  generator  driven  by  a  72 
H.P.  2,200  volt  motor  arranged  to  be  interchangeable  with 
the  two  condenser  motors. 

The  generators  are  capable  of  developing  935  K.V.A. 
continuously,  i.e.  750  K.W.  on  an  inductive  load  with  a 
power  factor  of  "8. 

The  voltage  of  the  station  is  kept  constant  by  two 
automatic  regulators, — a  Thury  regulator  for  the  Belliss 
generator  sets,  and  a  Brown  Boveri  for  the  turbo-genera- 
tor sets.     Both  regulators  have  given  every  satisfaction. 

Power  is  transmitted  to  the  various  sub-stations  by 
means  of  overhead  lines  carrying  current  at  2,200  volts, 
exception  being  made  in  the  case  of  the  South  Bulliari  line 
which  transmits  at  4,400  volts. 

Current  for  the  smaller  units  is  taken  from  trans- 
formers at  the  sub-stations  at  a  pressure  of  500-250  volts ; 
the  larger  units,  those  above  75  H.P.,  being  supplied  direct 
at  line  voltage  of  2,200.  This  latter,  however,  does  not  apply 
to  the  sinking  pumps  which  are  supplied  with  current  at 
500  volts. 

NOTES   ON   SOUTH    BULLIARI   COLLIERY. 
This  property  lies  to  the  south  of  Kendwadih,  and 
has  an  area  of  960  bighas.     Nos.  16  and  17  seams  outcrop 
and  all  seams  down  to  and  including  No.  12  have  been 
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proved  by  extensive  borings.  The  general  dip  of  the  seams 
is  about  due  south,  with  a  fairly  regular  gradient  of  i  in 
10  to  I  in  12.  Near  the  middle  of  the  property,  however,  a 
fault  of  considerable  displacement  throws  down  the  strata 
to  the  south. 

This  fault  follows  a  general  course  of  north-west  to  west 
and  arises  from  a  series  of  faults  on  the  eastern  boundary. 
At  its  starting  point  it  is  probably  about  40  ft.  but  it  gains 
considerably  in  crossing  the  property,  and  on  the  west 
boundary  its  max.  displacement  is  360  ft.  The  fault  ap- 
pears to  diminish  from  this  point  west,  and  break  up  into 
a  number  of  smaller  faults,  but  its  main  plane  can  pro- 
bably be  folllowed  for  a  further  two  miles. 

To  the  south  of  the  fault  the  seams  begin  to  rise  and  a 
distinct  local  anticline  is  found,  the  crown  of  which  is  located 
about  500  ft.  inside  the  southern  boundary.  The  anticline 
gives  a  double  outcrop  to  No.  17  seam  within  1,000  ft.  of 
each  other,  of  opposite  line  of  dip.  Geologically  this  anti- 
cline is  interesting,  inasmuch  as  it  appears  to  prove  that 
the  faulting  is  due  to  a  drop  of  the  strata  on  the  south  of 
the  fault,  rather  than  an  upheaval  on  the-  north  side, 
the  strata  to  the  south  bending  from  the  crown  of  the 
anticline  to  admit  of  the  displacement. 

The  property  is  further  divided  in  a  north-west  and 
south-east  direction  by  a  dyke  of  considerable  thickness, 
which  can  be  traced  for  several  miles  to  the  north-west 
beyond  the  property,  and  may,  or  may  not,  be  the  source 
of  the  hot  water  encountered  in  Nos.  5  and  6  pits,  South 
Bulliari. 

The  property  is  worked  by  three  pits  and  two  inclines, 
on  which  the  following  notes  may  be  of  interest  : 

No.  1  Incline. — This  incline  (into  16  seam)  is  situ- 
ated  near  the  north-east  boundary,  the  coal  being  12  ft. 
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hi  thickness,  of  which  the  top  2  ft.  is  not  worked  owing  to 
its  inferior  quality. 

In  driving  this  incline  the  series  of  faults  above  men- 
tioned, as  initiating  the  big  down  throw,  were  encountered, 
and  entailed  considerable  expense  before  No.  16  seam  was 
eventually  won.  A  section  of  this  incline,  showing  the 
position  of  the  faults,  was  available  for  inspection  in  the 
Winding  Engine  House. 

It  might  be  observed  that  the  local  anticline  above 
mentioned  does  not  extend  to  the  workings  of  this  incline, 
due  no  doubt  to  the  diminished  displacement  of  the  big 
fault. 

No.  3  Incline. — This  incline  is  driven  into  No.  17 
seam  down  the  northern  dip  of  the  anticline  and  will  work 
the  whole  of  the  available  17  seam  in  the  property  up  to 
the  big  fault,  which  fault  cuts  out  this  seam  entirely.  The 
seam  averages  5'-6"  in  thickness,  and  extends  over  an  area 
of  300  bighas.  The  dip,  as  above  noted,  being  northerly — 
the  reverse  of  the  general  lie.  - 

Nos.  5  and  6  Pits. — These  pits  are  of  16  ft.  diam. 
and  reach  No.  15  seam  at  a  depth  of  640  ft.  and  634  ft. 
respectively,  being  placed  on  the  line  of  dip. 

The  pit  bottoms  will  each  be  arranged  for  winding 
from  both  sides  of  the  shaft.  The  full  tubs  from  the  one 
side  being  raised  by  the  cage  supplying  empties  to  the 
other.  Should  one  side  of  the  pit  have  an  excess  of  coal 
over  the  other,  the  arrangements  will  be  such,  that  this  ex- 
cess can  be  quickly  balanced. 

The  shafts  are  twin  shafts,  inasmuch  as  each  is  avail- 
able for  the  output  of  both,  in  the  event  of  the  break-down 
of  one. 

The  following  notes  on  the  sinking  of  these  shafts  will 
be  of  interest : — 
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No.  5  Pit. — The  erection  of  the  winding  engine  was 
completed  in  February,  1914,  and  sinking  commenced  on 
the  2nd  March,  1914. 

At  a  depth  of  595  ft.  No.  15  seam  was  struck,  on  July 
14th,  1 91 5,  after  66  weeks  from  cutting  the  first  sod.  ^  During 
this  time  no  less  than  32  weeks  were  lost,  waiting  for  and 
installing  pumps,  and  driving  galleries  into  No.  16  seam. 
The  actual  time  spent  in  sinking  being  34  weeks,  giving  an 
average  progress  of  175  ft.  per  week. 

No.  6  Pit. — Sinking  here  was  commenced  on  21st 
January,  1914,  and  on  the  27th  September,  1915,  No.  15 
seam  was  reached.  Again  considerable  time  was  lost,  in 
this  case,  40  weeks  out  of  the  total  of  78  weeks  from  the 
date  of  commencement.  The  delay  being  caused  by  the 
non-arrival  of  the  pumps — owing  to  the  operations  of  the 
Emden — and  gallery  driving  in  No.  16  seam.  The  actual 
time  spent  in  sinking — 38  weeks — gave  an  average  progress 
of  15 "2  ft.  per  week. 

The  quantity  of  water  encountered  in  sinking  was  con- 
siderable and  necessitated  the  installation  of  heavy  pump- 
ing plant. 

At  each  shaft  a  150  H.P.  electrically  driven,  five  stage 
Sulzer  pump  was  installed,  with  a  capacity  of  550  gallons 
per  minute  at  a  manometric  head  of  500  ft.  when  running 
at  the  designed  speed  of  1475  r.p.m.,  the  voltage  being  500. 

The  pumps  are  hung  double  purchase,  and  are  raised 
and  lowered  by  means  of  Capstan  engines  12"  x  16",  the 
diameter  of  rope  in  use  being  ij".  These  engines  were 
specially  designed,  so  that  on  completion  of  the  sinking 
they  could  readily  and  at  httle  cost,  be  converted  into 
hauling  engines. 

The  total  weight  of  pump,  motor,  pipes,  etc.,  hanging, 
in  each  shaft,  was  approximately  25  tons. 
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The  power  is  supplied  to  each  pump  by  means  of  a 
specially  constructed  rubber  insulated,  double  armoured 
•125  sq.  in.  cable,  designed  to  carry  3,300  volts,  but  used  in 
this  instance  for  550  volts. 

It  was  felt  that  the  condition  of  use  would  be  ex- 
tremely  hard  upon  insulation,  and  by  installing  such  a 
cable,  insulated  for  3,300  volts,  the  margin  of  safety  would 
be  very  high.  In  addition  to  this,  the  prevention  of  abra- 
sion by  shaft  clamps  was  obtained  by  the  special  construc- 
tion of  the  cable,  which  increased  its  tensile  strength  suffi- 
ciently to  permit  of  its  being  hung  in  the  shaft  without  any 
intermediate  support  between  the  pit  bank  and  pump,  with 
perfect  safety. 

The  cables  were  raised  or  lowered  by  means  of  electric 
cable  winches,  driven  by  5/9  H.P.  motors  through  worm 
gearing  to  drums  of  3'-6"  dia.  The  maximum  speed  of 
cable  travel  being  6  ft.  per  min. 

Owing  to  conditions  at  Home,  pumps  of  suitable  head 
were  unobtainable,  and  to  overcome  the  difficulty  of  pump- 
ing from  a  depth  greater  than  the  pumps  were  designed 
for,  the  motors  were  speeded  up.  By  this  arrangement, 
the  sinking  progress  was  successfully  maintained  until  two 
175  H.P.  pumps  were  installed  in  16  seam,  although  the 
come  of  water  had  considerably  increased  in  the  bot- 
tom of  the  shafts.  The  rising  main  of  one  of  the  sink- 
ing pumps  was  cut  at  No.  16  seam  level  and  the  water, 
delivered  here,  was  dealt  with  by  the  175  H.P.  pumps. 
From  a  depth  of  about  150  ft.  below  No.  16  seam, 
the  come  of  water  increased  from  400  g.p.m.  to  1,500 
g.p.m. 

In  driving  out  in  15  seam  the  come  of  water  increased  to 
1,800  g.p.m.  when  it  was  decided  to  cease  further  develop- 
ment, except  in  the  pump-room  gallery,  until  the  perma- 
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nent  pumps — the  first  of  which  had  been  sunk  at  sea  — 
were  received  and  installed. 

Dealing  with  this  quantity  of  water  increased  the 
demand  on  the  Power  Station  considerably,  the  increase 
from  1913-1917  being  fourfold,  i.e.  from  1,095,000  units  to 
4,650,000  units,  of  which  latter  amount  South  Bulliari  con- 
sumed 2,615,000  units,  generated  at  a  cost  of  1/86  pies  per 
unit. 

On  completion  of  the  sinkings,  the  work  of  making  a 
sub-station  and  water  lodgment  was  proceeded  with,  the 
former  being  92  ft.  long  by  iS  ft.  high  and  18  ft.  wide. 

The  main  pumping  installation  at  present  consists  of 
two  390  H.P.  3-stage  Sulzer  pumps,  "Of  1,200  gollons  capa- 
city per  minute,  designed  to  run  at  1,475  r.p.m.,  and 
driven  by  Westinghouse  three-phase  motors  at  2,200  volts, 
with  a  periodicity  of  50  cycles.  The  switch  gear  is  of 
Messrs.  Reyrolle's  draw-out  type  of  mining  pillars.  A  third 
pumping  unit  will  be  installed  on  receipt  of  the  motor  from 
Home,  and  provision  has  been  made  for  a  fourth  unit, 
should  this  eventually  be  required. 

These  pumps  deliver  direct  to  the  surface  through  a 
13"  diameter  steel  delivery  main.  In  the  event  of  a  fourth 
pump  becoming  necessary,  a  duplicate  main  will  be  installed. 

Headgears. — All  are  made  to  the  same  design  of 
B.  F.  Girders  by  the  Vulcan  Iron  Works,  Ld.  The  height 
being  60  ft.  fitted  with  10  ft.  diameter  pulleys.  A  complete 
set  of  detailed  plans  of  the  headgears  were  provided  for 
inspection. 

Winding  Engines. — The  winders  at  Xos.  5  and  6  pits 
are  twin  2o"x4o"  coupled,  horizontal,  direct-acting  Robey 
E.  class  engines,  fitted  with  reversible  drop  valves,  steam 
brake  and  Robey' s  patent  overwinding  gear.  The  drums 
being  10  ft.  diameter  by  y'-6"  wide. 
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No.  7  winder  is  of  smaller  type  of  15"  cyl.  and  33" 
stroke  with  a  drum  of  7  f.t.  diameter. 

The  floorings  of  the  Engine  House  are  constructed  of 
brick-work  reinforced  with  Exmet  expanded  metal. 

This  type  of  flooring  was  first  tested  and  gave  the  fol- 
lowing results  : — 

Area  of  slab       Time  allowed  for       Fracturing  load       Fracturing  load 
tested.  setting.  (total).  (per  sq.  ft.). 

16  sq.  ft.  1  week.  2,200  lbs.  I37"5  lbs. 

The  total  cost  of  flooring  worked  out  at  Rs.  2-1-3  per 
sq.  yard. 

Boilers. — The  boiler  plant  consists  of  a  battery  of  3 
Edwin  Danks  30'  x  8'  Lancashire  boilers,  fitted  with  a 
Ferguson's  superheater.  ioo°F.  of  superheat  being  ob- 
tained. 

The  boiler  ash  is  now  removed  by  tubs  tramming  be- 
low the  firing  platform.  Eventually  it  is  intended  to  re- 
move the  ashes  by  flushing. 

Boiler  Feed. — The  feed  water  is  dealt  with  by  two 
21"  x  7"  Weir  pumps,  and  from  thence  to  the  boilers 
through  a  Royal  feed  water-heater  utilizing  exhaust  steam . 
The  feed  water-heater  has  a  capacity  of  30,000  lbs.  of 
water  per  hour,  giving  I20°F.  increment  in  water  tempera- 
ture.    (6o°F.— i8o°F.) 

The  necessary  exhaust  steam  is  supplied  by  No.  7  pit 
winder  and  the  Bellis  &  Morcom  compressors  ;  all  surplus 
exhaust  going  straight  to  atmosphere  through  an  auto- 
matic relief  valve.  A  6"  Princep's  oil  extractor  effectively 
removes  all  trace  of  oil  from  the  steam,  before  it  reaches 
the  feed  water-heater. 

No.  4  Sub-station. — The  electric  supply  is  trans- 
mitted from  the  Kendwadih  Power  Station —  a  distance  of 
over  three  miles — by  means  of  over-head  lines  of  O.S.W.G. 
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supported  by  tubular  poles,  32  ft.  high,  placed  60  yards 
apart,  the  voltage  transmitted  being  4,400. 

From  the  terminal  poles  the  current  is  conveyed  to 
the  H.  tension  switch  gear  by  means  of  H.T.  cable.  The 
voltage  is  then  stepped  down  to  2,200  volts  by  means  of 
Berry's  single-phase  transformers;  after  which  it  is  distri- 
buted to  the  various  feeders,  through  Messrs.  Siemens' 
ironclad  switch  gear,  fitted  with  isolating  switches  and  the 
usual  interlocking  devices. 

Air  Compressor. — This  machine  is  of  Messrs.  Belliss 
&  Morcom's  2  crank,  2  stage,  direct  steam-driven  type, 
capable  of  dealing  with  600  cubic  feet  of  free  air  per  minute 
at  80  lbs.  per  sq.  in.  when  running  at  320  r.p.m.  Designed 
for  steam  pressure  of  120  lbs.  per  sq.  in. 

No.  5  Sub-station. — This  station  is  fitted  with 
Siemens'  switchboard  similar  to  No.  4  sub-station,  and  also 
contains  an  electric  haulage  engine  of  75/120  H.P.  The 
motor,  built  by  Messrs.  Oerlikon  Co.,  is  rated  for  3-phase 
current  at  50  cycles  and  2,200  volts,  controlled  through  a 
liquid  controller  by  Messrs.  Allen  &  West  of  Brighton. 
The  haulage  engine  is  by  Messrs.  The  Uskside  Engineering 
Co.,  Newport. 


Some  Notes  on  the  Manufacture  of  Fuel 

Briquettes. 

BY 

E.    H.   Roberton,  M.Sc,  B.A.,  M.I.M.E.,  F.Q.S. 

Some  seven  or  eight  years  ago  Mr.  W.  H.  Phillips 
contributed  an  interesting  and  valuable  article  to  the 
Transactions  of  this  Institute,  on  the  Manufacture  of 
Patent  Fuel  and  Utilization  of  Low-grade  Coals.  The 
piece  de  resistance  of  the  article  was  a  test  conducted  by 
the  writer  (Mr.  Phillips)  of  fuel  briquettes  made  from  the 
low-grade  Palana  coal,  and  carried  out  on  the  railway 
between  Luni  Junction,  Jodhpore,  and  Merta  Road  sta- 
tions. Though  the  test  was  by  no  means  exhaustive, 
several  factors  in  favour  of  the  briquetted  fuel  were  evi- 
dent, which  would  no  doubt  have  shown  up  more  strongly 
had  the  conditions  of  the  test  been  made  more  suitable 
for  the  use  of  the  fuel.  The  present  writer  is  unaware 
of  any  other  test  on  a  commercial  scale  of  briquettes 
made  from  Indian  fuel.  The  article  in  question  evoked 
but  a  brief  discussion, — probably  for  the  reason  that  at 
that  time  the  Indian  coal  market  was  in  the  dumps,  and 
there  was  a  feeling  that  any  discussion  on  a  subject  which 
could  not  be  investigated  thoroughly  without  considerable 
expenditure  on  experimental  works  would  only  be  unprofit- 
able. We  are  living  in  different  times  to-day  (though  even 
now  the  average  Indian  coal  company  does  not  seem  to 
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have  much  extra  cash  to  invest  in  experimental  research), 
and  the  writer  is  of  opinion  that  the  subject  merits  more 
attention  in  this  country  than  has  hitherto  been  paid  to 
it.  This  is  especially  the  case  in  view  of  the  fact  that 
Indian  coal  travels  long  distances  by  rail,  and  suffers  con- 
siderably in  so  doing,  before  reaching  the  consumer ;  also 
that  India,  situated  centrally  on  the  high  road  to  the 
East,  is  destined  in  all  probability  to  assume  a  greater 
share  in  the  provision  of  fuel  to  the  coaling  stations 
between  Suez  and  Hong  Kong,  necessitating  the  exposure 
of  the  coal  for  extended  periods  to  the  oxidising  influence 
of  the  air,  and  in  many  cases  to  the  disintegrating  effects 
of  the  weather.  While  several  methods  have  been  tried 
of  protecting  stacked  coal  from  deterioration,  briquetting 
is  by  far  the  best, — a  fact  long  recognized  by  the  British 
Admiralty.  Briquetting  also  eliminates  the  danger  from 
the  spontaneous  combustion  that  so  frequently  attacks 
stacked  coal. 

Two  examples  of  the  unimpaired  survivanee  of  bri- 
quettes were  cited  before  the  Royal  Coal  Commission,  and 
quoted  by  Mr.  C.  H.  McCale  in  the  Transactions  of  this 
Institute:1 — 

(i)  Blocks    of    Cardiff   briquettes   were   discovered 

which   had  been    buried  for  35    years.     These   were 

analyzed,  and  found  to  contain  moisture  1*2  per  cent, 

ash  7'55  per  cent,  and  calories  7,810. 

(ii)  A    block    which  was  recovered    from    a    wreck 

after  immersion  for  40  years  showed  7,810  calories. 

In  neither  of  the  above  two  cases  were  the  briquettes 
subjected  to  the  action  of  the  air  or  of  the  weather,  and 
therefore  the  test,   though  prolonged,  cannot  be  said  to 


1  Trans.  Min.  Geol.  Inst.  Ind. ,  Vol.  VI,  p.  192. 
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have  been  severe.  In  fact,  immersion  in  water  is  one  of 
the  recognized  methods  of  preventing  oxidation  of  stacked 
coal.  The  writer  exhibits  on  the  table  a  small  piece 
broken  from  a  briquette  that  has  undergone  a  much  more 
severe  ordeal  than  the  above.  The  briquette  is  one  of 
many  that  formed  an  arch  or  gateway  built  of  blocks 
manufactured  from  Cardiff  fuel  by  Heath's  process,  and 
exhibited  at  the  Glasgow  Exhibition  of  1887.  After  the 
Exhibition  was  over,  the  arch  was  taken  down  and  sent 
back  to  Cardiff,  and  was  later  re-erected  in  the  yard  of 
the  briquette  factory.  Here  it  was  subjected  to  all  the 
rigours  of  the  Welsh  climate  for  over  twenty  years,  being 
largely  overgrown  with  moss.  The  piece  exhibited  was 
broken  from  one  of  the  most  exposed  portions,  and  while 
the  outside  is  dull  with  age  and  exposure,  the  fracture 
shows  the  briquette  to  be  as  good  as  on  the  day  that  it 
was  made. 

There  are  many  varieties  of  material  from  which  the 
main  ingredient  and  the  binding  agent  of  fuel  briquettes 
may  be  obtained.  Much  has  been  written  of  the  various 
attempts  to  make  successful  briquettes  of  anthracite  dust, 
which  has  proved  a  very  refractory  subject.  The  same 
remark  applies  to  coke  dust,  whose  behaviour  in  briquet- 
ting  is  very  similar  to  that  of  anthracite  dust,  though  gas- 
works coke  dust  is  not  so  refractory  in  this  respect  as 
coke-oven  coke  dust.  Where  pitch  has  been  used  as  a 
binder  difficulties  have  always  been  experienced  from  the 
briquettes  falling  to  pieces  in  the  furnace  before  the  fuel  has 
had  time  to  burn.  This  is  partly  due  to  the  fact  that  the 
ignition  point  of  pitch  is  about  400°  C,  while  that  of 
anthracite  is  about  5000  C.  Thus  the  pitch  speedily  distils 
and  burns  away,  producing  a  good  deal  of  smoke,  and  the 
anthracite  dust,  free  of  its  binder,  chokes  up  the  grate.     It 
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is  also  in  part  due  to  the  deficiency  of  anthracite  in  cok- 
ing properties.  It  is  difficult  to  see  how  the  shape  of  the 
briquette  can  affect  its  behaviour,  except  to  a  limited 
extent,  but  certain  experts  are  of  the  opinion  that  the 
adoption  of  the  ovoid  or  "eggette"  shape  instead  of  the 
rectangular  has  largely  conduced  to  the  successful  manu- 
facture of  patent  fuel  from  anthracite  dust.  The  same 
form  is  also  said  to  be  suitable  for  briquettes  of  such 
materials  as  coke  breeze  and  coal-washer  slimes. 

By  the  selection  of  a  binder  other  than  coke-oven 
pitch,  more  satisfactory  results  may  be  obtained.  Sulphite 
pitch,  for  example,  which  is  a  bye-product  in  the  sulphite 
process  of  manufacturing  paper  pulp  from  wood,  possesses 
the  advantage  of  igniting  at  a  high  temperature,  and  does 
not  soften  much  when  hot.  Coke  dust  briquettes  have 
been  successfully  made  with  this  binder.  Such  briquettes 
burn  without  smoke,  but  crumble  away  on  exposure  to  the 
weather,  as  the  binding  material  is  not  waterproof.  The 
waterproofing  treatment  which  has  been  devised  for  blocks 
made  with  this  binder  adds  considerably  to  the  cost  of 
production. 

An  interesting  innovation,  introduced  for  the  purpose 
of  utilizing  anthracite  dust  or  coke  breeze,  is  the  perforated 
rectangular  briquette,  which  is  said  to  burn  more  uniformly 
owing  to  the  perforations  allowing  the  air  to  get  into  con- 
tact with  the  interior  of  the  briquette.  By  the  Faraday 
process  satisfactory  coke  dust  briquettes  of  this  type  have 
been  produced,  the  binding  material  being  a  patent  mixture, 
probably  consisting  largely  of  cereal.  Coke  breeze  as  a 
rule  is  rather  high  in  ash,  and  is  improved  greatly  for  bri- 
quetting  purposes  by  washing.  Otherwise,  though  their 
heating  power  is  very  great,  trouble  is  caused  by  the  forma- 
tion of  clinker.     Undoubtedly  the  best  way  of  using  up  the 
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coke  dust  is  by  briquetting  it  in  combination  with  bitumin- 
ous or  semi-bituminous  coal  dust. 

It  is  acknowledged  that  the  best  all-round  binder  is 
coke-oven  pitch,  which  is  cheap  and  plentiful,  helps  the 
briquette  to  burn,  increases  its  calorific  value  slights- 
above  that  of  the  original  coal,  adds  practically  no  ash, 
and, — a  very  important  point, — makes  it  weatherproof. 
Other  pitches  are  sulphite  pitch,  mentioned  above,  pitch 
(hydrolene  or  asphaltum)  derived  from  the  distillation  of 
petroleum  gas-tar,  and  pitch  obtained  from  producer-gas 
plants.  The  petroleum  gas-tar  pitch  is  largely  used  in 
America  for  briquetting  purposes,  while  producer-gas  pitch 
is  popular  in  South  Wales,  and  is  procured  from  consider- 
able distances  for  the  same  purpose.  The  samples  of  the 
latter  exhibited  show  the  pitch  as  it  comes  straight  from 
the  gas,  and  as  it  appears  when  made  suitable  for  use  in 
briquetting  by  distilling  off  the  water  and  a  little  creosote. 
Starch  and  meal  have  proved  to  be  excellent  binders,  and 
are  suitable  for  anthracite  or  coke  dust.  They  are  smoke- 
less and  leave  no  ash,  but  possess  the  disadvantage  of  not 
being  weatherproof.  A  combination  of  a  cereal  binder  with 
tar  is  used  by  an  American  briquetter,  who  mixes  them  in 
the  proportion  of  2  per  cent  cereal  and  h  per  cent  tar,  this 
taking  the  place  of  a  previous  binder  consisting  of  8  per  cent 
pitch.  Other  binding  materials  that  have  been  used  are 
resin,  lime,  clay,  cement,  magnesia,  cowdung,  seaweed, 
plaster  of  Paris,  and  molasses.  These  as  a  rule  have  proved 
unsatisfactory,  but  it  is  probable  that  some  of  them 
would  give  good  results  in  combination  with  other  binders. 
For  instance,  resin  combined  with  pitch,  with  lime  added 
to  prevent  smoking,  has  been  found  by  experiment  to  be  a 
satisfactory  binder,  though  its  cost  is  rather  high. 

While  in  certain  instances,  notably  the  lignites  of  the 
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continent  of  Europe,  briquettes  can  be  made  without  the 
use  of  a  binder,  and  merely  by  the  application  of  heat  and 
pressure,  it  has  been  found  that  ordinary  bituminous  and 
semi-bituminous  coals  will  not  in  a  general  way  briquette 
satisfactorily  without  the  addition  of  a  binding  medium. 
It  is  true  that  by  Sutcliffe's  process  satisfactory  results 
have  been  attained,  but  this  process  is  rather  elaborate 
and  apparently  costly.  Firstly,  the  coal  must  be  ground 
extremely  fine,  so  fine  that  the  bulk  will  go  through  a  200- 
mesh  screen.  Secondly,  the  air  must  be  extracted  from 
between  the  grains  of  the  coal,  so  that  when  the  pressure 
is  applied  the  cushioning  from  this  source  is  reduced  to  a 
minimum.  And  thirdly,  a  pressure  of  10  tons  per  sq.  in. 
is  necessary. 

The  usual  test  for  the  quality  of  pitch  used  as  a  binder 
is  to  immerse  it  in  hot  water  for  about  three  minutes,  and 
then  to  twist  it  between  the  fingers.  A  moderately  soft 
pitch  "  twists  "  at  about  I40°F.  A  most  important  point  in 
the  making  of  a  coal  dust  briquette  is  the  intimate  mixing 
of  the  coal  and  the  binder.  A  mere  mechanical  mixture 
will  not  do,  and  only  means  that  an  excessive  amount  of 
the  binder  is  used,  and  a  briquette  of  unsatisfactory  cohe- 
sion results.  The  object  to  be  aimed  at  is  what  amounts  to 
the  application  of  a  thin  film  of  the  binder  to  each  particle 
of  coal.  This  means  that  a  minimum  percentage  of  binder 
is  used,  and  a  briquette  of  good  cohesion  is  obtained.  The 
desired  result  is  usually  got  by  careful  mechanical  manipu- 
lation at  a  fairly  warm  temperature  in  the  blender  or 
"  fluxor," — an  operation  of  prime  importance  in  the  manu- 
facture of  a  briquette, — but  an  ingenious  method  of  applying 
the  binder  recently  introduced  '  on  the  Continent  deserves 


'    Fohr-Kleinschmidt  process. 
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mention.  In  this  machine  the  pitch  which  constitutes  the 
binder  is  melted  until  very  fluid  (130-170  degs.  C),  and  is 
then  run  into  a  steam-heated  atomiser.  From  this  it  is 
blown  into  the  mixing  drum  in  the  form  of  a  fine  spray  by 
compressed  air.  Whilst  in  the  mixing  drum  the  pitch 
solidifies  into  a  fine  dust  resembling  lamp-black, — still 
remaining  suspended  in  the  air.  In  this  form  it  settles 
evenly  on  the  grains  of  coal  and  acts  as  an  efficient  binder. 
Results  of  trials  have  shown  that  good  briquettes  can  in 
this  way  be  obtained  with  as  little  as  43  per  cent  of  pitch. 
Briquettes  of  ovoid  form  vary  from  ij  oz.  to  7  oz.  in 
weight,  and  are  deservedly  popular,  not  only  because  of  their 
suitability  for  the  utilization  of  anthracite  dust  and  coke 
breeze,  but  also  because  of  the  fact  that  their  shape  allows 
of  the  circulation  of  air,  so  that  they  burn  freely  in  the  fur- 
nace without  needing  first  to  be  broken  up,  also  when  stored 
in  the  bunkers  of  ships  they  slide  without  difficulty  into  the 
stokehold.  Another  reason  for  their  popularity  is  the 
simplicity  of  the  machine  for  making  them,  which  takes  the 
form  of  two  power-driven  rolls  with  recesses  that  exactly 
coincide  as  the  rolls  revolve.  Plate  I  shows  a  plan  of 
such  rolls,  with  an  elevation  depicting  a  simple  method  of 
worm-drive.  The  mixture  is  fed  automatically  on  the  up- 
per side  between  the  rolls  as  they  revolve,  and  the  ovoids 
fall  out  by  their  own  weight  on  the  underside.  The  mould- 
ing recesses  are  not  necessarily  all  of  the  same  size,  but  are 
fashioned  so  as  to  utilize  the  surface  of  the  rolls  as  com- 
pletely as  possible.  It  is  obvious  that  the  briquettes  are 
not  subjected  by  this  means  to  so  great  a  pressure  as  may 
be  applied  by  the  piston  machines.  Another  drawback  is 
that  the  wear  of  the  working  parts  is  apt  to  cause  trouble 
by  impairing  the  exact  registering  of  the  opposing  recesses 
with  each  other. 
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Piston-actuated  machines,  which  may  turn  out  cylin- 
drical, brick-shaped,  or  tablet-shaped  briquettes,  are  natu- 
rally of  a  more  complicated  construction  than  "  eggette  " 
rolls,  and  are  exemplified  by  many  different  patterns,  all 
designed  to  the  same  end  of  automatically  filling  a  series 
of  moulds  with  mixture,  exerting  compression  on  it  by 
means  of  a  piston,  and  ejecting  the  finished  briquette  on 
to  a  travelling  belt  or  a  trough-shaped  runway.  The 
moulds  are  usually  arranged  on  a  wheel  or  disc,  and  the  pres- 
sure ma}-  be  either  radial  or  parallel  to  the  axis.  In  South 
Wales,  where  briquetting  is  carried  out  to  a  larger  extent  than 
any  other  part  of  Great  Britain,  the  presses  are  nearly  all 
of  the  single- pressure  type,  i.e.  the  pressure  on  the  fuel 
mixture  is  applied  from  one  side  only,  generally  either 
above  or  below.  Double-pressure  machines,  delivering  the 
pressure  simultaneoulsy  from  both  sides,  have  been  largely 
adopted  on  the  Continent.  After  pressing,  it  is  a  good 
plan,  especially  with  the  larger-sized  briquettes,  to  give 
them  a  long  journey  on  a  travelling  belt  before  stacking,  as 
this  cools  them  down.  Plate  II,  fig.  i  shows  the  newly- 
pressed  briquettes  at  the  Star  Patent  fuel  works  (Cardiff) 
travelling  on  a  4-wire  conveyor  to  the  stack. 

The  largest  of  the  briquettes  placed  on  the  table  be- 
fore this  meeting  is  one  turned  out  by  Heath's  (Cardiff) 
machine.  It  is  of  the  dimensions  of  11"  x  7"  x  j|",  and 
weighs  25  lbs.  In  this  process  the  ingredients  are  steam 
coal  dust  and  pitch  in  the  proportions  of  93  to  7.  After  a 
preliminary  screening  in  a  1"  mesh  revolving  screen  the 
small  coal  falls  on  to  a  travelling  belt,  and  the  nut  coal, 
which  is  rather  slaty,  is  sent  to  the  boilers.  A  wheel 
measures  the  small  coal  as  it  passes,  and  rings  a  bell  at 
intervals,  giving  the  signal  to  a  workman  who  puts  in  a 
measured  quantity  of  pitch.     The  pitch  and  coal  then  go 
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through  a  disintegrator,  after  which  the  mixture  is  elevated 
in  buckets  into  heaters,  giving  it  a  temperature  of  about 
I40°F.  The  fuel  mixture  is  then  plastic  and  can  be  pressed 
up  like  a  snowball.  It  then  passes  into  a  cylindrical  cham- 
ber where  it  is  constantly  stirred,  under  which  is  the  revolv- 
ing table  containing  the  moulds  (see  Plate  II,  fig.  2).  The 
pressure,  which  is  from  15  to  18  cwt.  per  square  inch,  and 
is  applied  from  underneath,  is  originally  got  from  a  crank, 
and  transmitted  to  the  rams  by  means  of  a  hydraulic 
pipe  with  a  relief  valve.  After  the  finished'  briquette  is 
pushed  out,  the  mould  is  lubricated  by  means  of  a  water 
spray. 

At  the  Graigola  Merthyr  patent  fuel  works  (Swansea) 
the  briquettes  produced  weigh  10  lbs.  each,  and  are  com- 
posed of  varying  proportions  of  steam  and  bituminous  coal, 
different  qualities  being  turned  out  by  altering  the  speed 
of  the  feed-worms.  The  binder  used  is  a  mixture  of  pitch 
and  creosote  oil,  the  latter  giving  an  enhanced  calorific 
value  to  the  fuel.  In  this  process  the  mixture,  after  being 
broken  fine  in  disintegrators,  is  heated  by  injecting  steam, 
which  necessitates  its  being  partially  dried  off  before  press- 
ing.    The  pressure  used  is  15  cwt.  per  square  inch. 

A  novel  and  effective  method  of  making  a  briquette 
without  either  a  press  or  a  binding  medium  was  carried 
out  a  short  time  ago  b^  Mr.  John  Armstrong  (Westminster). 
The  briquettes  were  made  of  a  mixture  of  anthracite  dust 
and  coking  coal  dust  in  the  proportion  of  3  to  1.  They 
were  not  compressed  mechanically,  but  were  merely  baked 
at  red-hot  temperature  in  a  closed  mould  for  about  20 
minutes.  The  volatiles  escaped,  while  the  coking  dust 
swelled,  and  so  induced  considerable  pressure,  turning  the 
briquette  into  practically  a  pure  anthracite  briquette.  A 
precisely  similar  experiment  was  carried  out  with  a  mixture 
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of  coke  dust  and  coking  coal  slack  in  the  proportion  of  3  to 
1,  with  a  similarly  successful  result. 

A  briquette  is  of  little  use  unless  it  stands  exposure  to 
the  weather  well,  and  unless  it  is  of  such  a  compact  nature 
that  it  can  endure  a  certain  amount  of  rough  treatment 
without  falling  to  pieces.  It  has  been  the  custom  of  the 
Star  patent  fuel  people  to  take  two  briquettes  from  every 
barge  load  sent  away,  and  expose  them  to  the  weather  for 
six  months,  in  order  to  make  sure  that  the  weathering  pro- 
perties of  the  briquettes  are  kept  up  to  standard.  At  the 
same  works  is  a  machine  for  testing  from  time  to  time  the 
cohesion  of  briquettes.  It  consists  of  a  circular  cage  (see 
Plate  III),  with  bars  r\"  apart,  and  three  shelves  of  bars 
which  lift  and  drop  the  briquette  as  the  cage  goes  round. 
The  machine  is  turned  by  hand  at  uniform  rate;  to  the 
number  of  30  revs  in  1  \  minutes.  The  speed  is  regulated 
by  the  swinging  of  a  pendulum  in  view  of  the  operator. 
The  pieces  of  briquette  remaining  in  the  machine  are  then 
weighed,  and  their  percentage  of  the  original  weight  noted. 
In  an  actual  cohesion  test  witnessed  by  the  writer,  a  bri- 
quette gave  a  percentage  of  84-99,  which  was  stated  to  be 
about  an  average  result. 

Where  pitch  is  used  as  a  binder,  the  workmen  should 
exercise  great  care  in  the  matter  of  cleanliness  ;  otherwise 
there  is  danger  of  the  occurrence  of  the  pitch  disease 
("  pitch  warts").  This  disease  is  similar  to  certain  forms 
of  epithelial  cancer  or  epithelioma,  and  can  be  entirely  pre- 
vented by  indulging  in  a  bath,  or  showerbath,  after  the 
day's  work  is  over.  It  is  cured  in  its  initial  stages  by 
nitric  acid,  but  becomes  very  refractory  if  neglected,  and 
is  especially  so  in  the  case  of  the  scrotum  being  affected 
by  the  warts.  Some  years  ago  a  Commission  sat  on  "  pitch 
warts,"  but  after  hearing  the  evidence  decided  to  leave  the 
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whole  question,  which  was  the  rather  invidious  one  of  per- 
suading or  compelling  the  British  workman  to  wash  himself 
by  rule,  to  the  various  owners.  The  owners  have  done  their 
part  by  providing  facilities  for  the  men  to  wash  after  work, 
the  bathing  room  at  the  Graigola  (Swansea)  works  being  espe- 
cially well  equipped.  The  room  is  large  and  air)',  is  artifi- 
cially warmed,  and  has  a  number  of  shower  baths  with  hot 
and  cold  water  provided.  Clean  towels  are  always  ready, 
being  washed,  dried,  and  sterilised  by  machinery.  The 
writer  was  informed  by  the  manager  that  in  spite  of  this 
expensive  and  luxurious  adjunct  to  their  works,  hardly  a 
single  man  made  use  of  the  showerbaths. 

In  approaching  the  subject  of  fuel  briquetting  as  a 
business  proposition  the  fact  should  not  be  lost  sight  of 
that  the  outstanding  commercial  feature  is  in  general  the 
difference  in  selling  price  between  the  coal  dust  which  is 
utilized  to  make  the  briquettes  and  the  large  coal  with 
which  the  briquettes  have  to  compete  in  the  open  market. 
So  long  as  this  margin  is  of  fair  dimensions  and  exceeds 
the  cost  of  the  briquetting,  it  is  all  plain  sailing,  but  it 
is  well  recognized  that  the  margin  has  become  sensibly 
less,  and  is  progressively  diminishing,  owing  to  the  intro- 
duction and  increasing  use  of  automatic  stokers.  The 
special  burner  also,  which  has  been  designed  for  burning 
pulverised  coal  under  boilers,  opens  up  an  additional  out- 
let for  the  utilization  of  dust  or  duff  coal,  and  tends  still 
further  to  reduce  the  margin  below  the  critical  point. 
For  special  purposes,  however,  briquettes  will  hold  their 
own,  where,  for  instance,  the  coal  is  extremely  friable,  and 
subject  to  rapid  weathering,  or  liable  to  spontaneous  com- 
bustion when  stacked  or  in  bunkers ;  or  where  special 
needs  have  to  be  met,  such  as  those  of  locomotives  on 
heavy  gradients ;  or  where  it  may  be  necessary  to  stack 
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the  fuel  for  long  periods ;  or  where  there  is  a  good  demand 
for  fuel  for  domestic  purposes.  It  has  recently  occurred 
to  the  writer  that  the  briquette  that  would  prove  of  the 
greatest  benefit  to  India  would  (if  it  could  be  produced) 
be  a  coke  briquette,  not  for  fuel  purposes,  but  for  blast 
furnace  use.  It  is  recognized  that  the  good  coking  seams 
in  India  are  very  limited,  and  in  the  newer  fields  no  good 
coking  coal  has  so  far  been  struck,  and  it  is  becoming 
increasingly  difficult  to  provide  the  coke  necessary  for  the 
increasing  output  of  iron  in  the  various  ironworks  in 
India.  If  a  briquette  could  be  designed  which  would  be 
largely  composed  of  the  coke  from  a  poor  coking  seam, 
and  which  could  withstand  sufficiently  well  the  pressure 
and  temperature  of  the  blast  furnace,  it  would  go  far  to 
solve  the  problem  of  the  Indian  iron  production  of  the 
future.  There  are  many  difficulties  in  the  way  of  pro- 
ducing such  a  briquette,  but  greater  difficulties  have  been 
overcome  in  the  past,  and  the  issues  at  stake  make  any 
attempt  to  produce  it  worthy  of  consideration.  The  writer 
suggests  that  research  might  be  carried  out  on  the  fines 
of  Mr.  Armstrong's  experiment  mentioned  on  p.  56,  by 
which  it  may  reasonably  be  hoped  to  obtain  a  homo- 
geneous structure.  Any  attempt  to  produce  a  binder- 
made  briquette  for  this  purpose  would  probably  result  in 
failure. 

On  the  table  are  a  few  specimens  of  ovoid  briquettes 
recently  made  in  the  college  mining  laboratory  by  the 
writer  in  the  manner  suggested.  The  principle  of  the  mak- 
ing of  these  ovoids  is  not  new.  It  is  practically  the  same 
(though  making  more  use  of  the  induced  pressure)  as  the 
well-known  principle,  often  carried  out  by  Durham  coke- 
makers,  of  mixing  two  coals  which  of  themselves  may  not 
coke  well,  but  when  blended  produce  a  good  coke. 
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The  briquettes  exhibited  have  the  following  composi- 
tions : — 


p. 

- 


Ingredients 


Temper- 
ature 

to  which 
raised. 


Remarks 


67" 


E 
F 


H 
L 


R 
S 


2nd  class  coke  dust 
Coking  coal  dust  (Giridih)  2: 
Pitch  (Giridih)  11 


Coking  coal  dust  (Lodna)  33  ",, 
Coke  dust  (Lodna)  67  % 


2nd  class  coke  dust 

Coking  coal  dust  (Giridih)  25  % 


_  _  1 
.  5 


Nou-coking  "  coal  dust 
(Baraboni)  67  ",, 

Coking  coal  dust  (Giridih)  17  '  , 


Pitch  (Giridih) 


Ditto 


16 


Coke  dust  67  % 

Coking  coal  dust  (Lodna)  22  ",, 
Pitch"  ii  % 


N       2nd  class  coke  dust 


Coking  coal  dust  (Giridih) 


75 


O   /o 


2nd  class  coke  dust  75  "., 

Coking  coal  dust  (Lodna)  25   ',, 

•'  Non-coking  "  coke  dust 

(Baraboni)  75  % 

Coking  coal  dust  (Giridih)  25  ",, 


T       Residue  from  pitch  alone 


Soo°C 

6oo"C 
6oo°C 

6oo°C 

8oo°C 
8oo°C 

8oo°C 
6oo°C 

70o°C 
6oo°C 


Failed  to  bind  owing 
to  shrinkage  of 
non-coking  coal. 

Ditto. 


Briquette  shrank  in 
volume  about  25 °,, 
owing  to  initial 
coking  not  having 
been  sufRciently 
done. 


The   experiments  appear,  in  the  writer's  opinion,  to 
show  promise  of  successful  results,  at  any  rate  so  far  as 
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laboratory  work  is  concerned,  and  he  hopes  to  place  before 
the  meeting  at  an  early  date  details  of  a  more  extensive 
series  of  experiments,  carried  out  with  a  greater  variety  of 
fuel  mixtures.  It  should  be  noted  that  the  pitch  used  in 
the  experimental  briquettes  is  not  a  pitch  binder  in  the 
ordinary  sense.  The  idea  of  its  use  is  that  as  pitch  when 
heated  intumesces  and  forms  a  coky  mass  (see  sample  of 
pitch  residue),  the  pressure  exerted  in  its  doing  so  may 
have  some  effect  in  compacting  the  briquette,  while  the 
residue  itself  may  possibly  constitute  a  binder  which  will 
not  give  way  at  high  temperatures. 
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FIG    i — Four-wire  Conveyor. 


Fig.  3. — Comparative  sizes  of  three  varieties 

of  South  Welsh  patent  fuel.     Weights 

25  lbs..  10  lbs.  and  2;  oz. 


Fig.  2— Heath's  briquette  press,  showing  two 
briquettes  just  expelled  from  the  moulds. 
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Cransactions 

of  the 

mining  ana  Geological  Institute  or  India. 

Part  2.1  1919.  [April, 


Jharia  Meeting. 

Held  on  July  8th,    1918. 

Present :— Messrs.  V.  Bullock,  G.  Castles.  N.  G.  Chatterjee,  H. 
Cooper,  D.  P.  Davies,  L.  Diamond,  Torn  S.  Gibson,  B.  Heaton.  R.  Heron. 
Jhaverilal  K.  Dholakia.  H.  Lancaster.  Chas.  Lea..  L.  S.  Dholakia.  C.  H. 
McCale.  J.  Mackie.  Jas.  Mason.  N.  N.  Mukherjee.  Jas.  Murray.  T.  C. 
Murray.  R.  R.  Simpson.  T.  F.  Steele.  P.  R.  Trivedi  (visitor),  Thos.  Walsh 
and  E.  H.  Roberton  (Honorary  Secretary). 

In  the  absence  of  the  President,  Mr.  G.  C.  Webster 
took  the  chair. 

The  following  note  by  Mr.  Thos.  H.  Ward  was  contri- 
buted to  the  discussion  on  Dr.  Fermor's  "  Preliminary  note 
on  the  burning  of  coal  seams  at  the  outcrop ' '  and  was  read 
before  the  meeting  by  Mr.  R.  R.  Simpson  in  the  absence  of 
the  author : — 

Dr.  Fermor  says,  p.  58  of  the  Trans.  M.  and  G.  Inst, 
of  I.  :- 

"  The  difference,  in  a  nutshell,  between  the  two  classes 
"  of  phenomena  is  that  the  intrusion  of  the  mica-peridotite 
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''took  place  underground,  in  the  past,  in  the  absence  of 
"  oxygen,  so  that  the  adjacent  coai  was  converted  into 
"  natural  coke,  whilst  the  burning  of  seams  at  the  outcrop 
"  is  a  recent  or  present-day  phenomenon  characterized  by 
"the  free  access  of  oxygen,  so  that  the  coal  is  burnt  to 
"ashes." 

In  other  words,  the  first  phenomenon  took  place  where 
the  atmosphere  was  excluded  and  the  second  in  the  open  air. 

As  regards  the  first  phenomenon  I  have  to  point  out 
that  non-caking  coals  are  not  turned  into  natural  coke  by 
the  intrusion  of  mica-peridotite.  An  examination  of  cases 
of  this  kind  will,  of  course,  show  that  this  is  so.  The  word 
"  coking  "  cannot,  therefore,  be  used  in  the  general  sense  sug- 
gested by  Dr.Fermor  in  what  follows  the  above  quotation. 

As  regards  the  second  phenomenon  I  am  unable  to 
agree  with  Dr.  Fermor.  Before  explaining  the  theory  I 
have  foimed  I  avail  myself  of  the  opportunity  of  making 
a  few  preliminary  remarks  which  have  some  bearing  on 
the  question. 

I  first  studied  the  subject  when  I  made  acquaintance 
with  the  numerous  burnt  outcrops  in  the  Jharia  coalfield 
in  1890.  When  I  found  the  burnt  outcrop  of  the  seam  to 
which  I  gave  the  name  Kargali  in  the  Bokaro  coalfield  in 
1908  I  felt  I  was  on  familiar  ground  and  knew  that  the 
only  thing  to  be  done  was  to  find  out  by  boring  the  depth 
to  which  the  seam  had  been  destroyed.  I  was  also  able  to 
predict  that  the  burning  would  extend  to  an  approximately 
horizontal  plane  having  some  relation  to  the  level  at  which 
water  was  held  up  in  the  seam. 

This  last  phenomenon  I  first  noticed  in  deepening  an 
old  well  in  the  village  of  Khundiah  in  the  Giridih  coalfield 
in  1896.  I  give  the  section  of  this  sinking  (see  p.  66) 
as  it  illustrates  a  matter  to  which  I  wish  to  draw  atten- 
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tion  further  on.  Up  to  as  late  a  date  as  1894  <:he  strata 
here  were  thought  to  be  of  volcanic  origin.  After  my  ex- 
periences in  Jharia  I  was  certain  that  this  was  not  so. 
The  deepening  of  the  well  showed  the  usual  burnt  outcrop, 
the  overlying  sandstones  being  altered  by  heat. 

The  limit  to  which  the  burning  extends  downwards  is 
easily  seen  in  the  sinking  to  be  a  horizontal  plane— the 
'  dip '  is  about  1  in  10 — and  the  obvious  inference  is  that 
the  downward  action  was  stopped  by  water. 

The  other  point  to  which  I  wish  to  draw  attention  is 
that  the  burning  extends  under  20'  6"  of  overlying  sand- 
stone, while  it  is  to  be  noted  that  the  well  is  probably  150 
ft.  from  the  actual  outcrop ,  i.e.  from  the  point  where  the 
overlying  rocks  set  in.  In  these  cases  this  point  is  never 
clearly  defined  on  account  of  the  fusing  and  breaking  down 
of  these  rocks  at  this  point.  In  the  sinking  vsee  sec. 
the  overlying  rocks  have  been  subjected  to  a  high  tempera- 
ture, but  not  sufficiently  high  to  cause  any  signs  of  fusion. 
There  are  many  cases  where  there  is  a  much  greater  depth 
of  sandstone  and  shale  above  the  burnt  seam  and  where 
the  distance  from  the  outcrop  is  greater.  This  is  so  in  the 
cutting  for  the  Khoira  Branch  mentioned  by  the  President 
in  the  discussion  on  Dr.  Fermor's  paper  I  have  alv 
looked  upon  this  section  as  being  among  the  most  wonder- 
ful I  have  ever  examined  in  this  connection.  It  would  be 
of  very  great  interest  to  put  down  a  few  borings  there  to 
find  out  the  maximum  depth  of  superincumbent  strata 
under  which  this  '  burning '  of  coal  has  gone  on  and  the 
distance  under  cover. 

I  find  extreme  difficulty  in  accepting  Dr.  Fermor's 
theory  as  regards  free  access  of  oxygen  in  the  case  of  a 
coal  seam  the  ash  remains  of  which  are  40  or  50  ft.  in 
depth.     I  do  not  believe  that  such  action  would  be  possible 
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under  a  depth  of  3'  or  4'  only  ;  but  I  think  all  will  agree 
that,  in  the  ease  of  many  feet  of  covering  rocks,  oxygen 
must  have  been  cut  off. 

The  theory  I  evolved  many  years   ago  may  now  be 
stated :  — 

The  first  stage  was  undoubtedly  a  great  conflagration, 
the  coal  in  the  outcrop  being  set  on  fire,  probably  by  burn- 
ing leaves  in  some  exceptionally  hot  weather.  This  con- 
flagration at  the  surface  was  probably  greatly  extended  by 
the  action  of  the  wind  in  removing  the  ashes  formed,  thus 
keeping  the  incandescent  mass  exposed  to  the  air.  An 
enormous  mass  of  coal  was  burnt  in  the  open  air  and  the 
heat  from  this  mass  was  propagated  through  the  coal  lying 
below,  and  laterally  along  the  seam, — in  fact  wherever 
there  was  coal, — driving  off  the  volatile  constituents  of  the 
coal,  and,  in  the  case  of  a  coking  coal,  forming  coke. 
These  gases  were  forced  to  the  surface  and  burnt  there, 
adding  to  the  heat  available  for  continuing  the  process. 
This  stage  lasted  for  many  weeks,  perhaps  years,  and  may 
have  continued  long  after  the  surface  conflagration  had 
abated  in  intensity  or  altogether  died  down.  During  this 
stage  I  think  air  was  entirely  excluded  from  the  layers  of 
coke  or  carbon,  lying  below  the  limit  of  the  surface  con- 
flagration by  the  large  volume  of  gas  being  discharged. 

The  next  stage  I  picture  is  when  the  heat  reached,  or 
rather  approached,  the  level  at  which  water  was  held  up  in 
the  seam.  Steam  was  then  formed  and  the  propagation  of 
heat  outwards  stayed.  At  this  moment  I  think  the  carbon 
contents  of  the  coal  seam  were  practically  unoxidized. 
The  steam  formed  had  to  traverse  the  red-hot  layers  of 
coke  or  carbon  and  was  decomposed,  the  oxygen  set  free 
completely  oxidizing  the  coke  or  carbon  and  escaping  as 
carbon  monoxide.     The  combustion    of    this   gas   at    the 


88     TRANS.    MINING   &   GEOL.    INrST.    OF    INDIA.     lVol.  XIII, 

surface,  and  also  of  the  free  hydrogen,  adding  largely  to 
the  heat  available  for  producing  more  steam. 

It  seems  probable  that  the  burning  hydrogen  caused 
the  fusing  of  the  rocks  which  have  been  mistaken,  by 
others  as  well  as  by  Dr.  Fermor,  for  tuff.  I  take  it  that 
the  rocks  were  fused  where  the  hydrogen  burned  as  it 
reached  the  open  air.  This  is  borne  out  by  the  fact  that 
the  fused  rocks  are  often  found  forming  a  line  or  small 
ridge.  This  ridge  is  probably  the  outer  and  upper  margin 
of  the  overlying  rocks — the  point  where  they  set  in.  It  is 
along  this  line  that  the  hydrogen  gas  would  be  concentra- 
ted as  most  of  that  released  further  to  the  '  dip '  would 
pour  out  along  this  lip.  Intense  heat  would  be  generated 
and  maintained  along  this  line.  Fusion  may  also — I  have 
found  instances — take  place  near  some  fissure,  or  collapsed 
area,  where  probably  hydrogen  gas  found  an  exit.  I  have 
already,  in  the  Khundiah  section,  drawn  attention  to  the 
fact  that  there  is  no  sign  of  the  fusing  of  the  rocks  lying 
above  the  seam. 

The  process  I  have  tried  to  depict  is  analogous  to  that 
in  the  modern  Mond  gas  generator. 

The  fact  that  water  was  everywhere  underlying  the 
incandescent  mass  at  the  same  level  accounts  for  the 
extraordinary  completeness  with  which  the  coal  has  been 
reduced  to  ashes  and  to  much  the  same  level.  The  process 
is  also  just  as  easily  propagated  laterally — outwards — 
under  cover  of  the  overlying  rocks  as  downwards,  and  the 
steam  would  in  such  a  case  permeate  the  whole  mass  and 
reduce  it  to  ashes. 

As  regards  the  even  depth  to  which  the  action  has 
extended  it  should  be  pointed  out  that,  had  the  action 
been  the  result  of  burning  from  the  surface,  the  limits 
downwards  would,  surely,  have  been  very  irregular. 
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I  should  like  to  draw  attention  to  the  fact  that  the 
coal  below  the  ashes  in  the  Khuudiah  sinking  has  been 
much  altered.  It  belongs,  as  I  have  already  stated,  to  a 
very  poor  seam  of  coal.  The  coal  in  the  sinking  does  not 
resemble  this.  It  is  quite  black,  but  it  is  very  friable  and 
has  lost  its  characteristic  structure.  Presumably  it  has  been 
changed  by  the  action  of  steam  on  it.  This  would  be  contin- 
ued for  a  very  long  period,  but  I  have  no  knowledge  of  what 
the  effect  of  this  would  be.  Perhaps  others  ma}"  contribute 
their  experience  on  this  point  for  general  information. 

In  the  discussion  the  question  of  the  occurrence  of 
mica-periodotite  in  the  metamorphics  was  raised.  Those 
taking  part  do  not  appear  to  have  been  aware  of  Sir  Thos. 
Holland's  opinion,  last  expressed,  I  think,  in  the  Trans,  of 
this  Institute,  p.  197,  Vol.  1.  There  is  no  instance  of  this 
rock  cutting  the  metamorphic  or  crystalline  areas.  Why 
it  should  be  so  common  in  the  Bengal  coalfields  and  not  in 
the  older  rocks  around  remains  a  mystery. 

In  reply  Dr.  L,.  L.  Fermor  writes : — 

In  a  note  dated  the  26th  of  May  191S,  Mr.  T.  H.  Ward 
offers  certain  remarks  on  my  paper  on  the  burning  of  coal 
seams  at  the  outcrop. 

Mr.  Ward  points  out  that  non-caking  coals  are  not 
coked  by  intrusions  of  mica-peridotite.  I  am  not  aware 
what  happens  in  such  circumstances  as,  in  all  cases  that 
have  come  to  my  notice,  the  intrusion  of  mica-peridotite 
has  led  to  the  coking  of  the  seam.  Perhaps  Mr.  Ward 
would  favour  the  Institute  with  an  account  of  the  action 
of  mica-peridotite  upon  a  non-caking  coal. 

Turning  then  to  the  phenomenon  of  the  burning  of- 
coal  seams  at  the  outcrop,  Mr.  Ward  advances  a  detailed 
explanation  of  how  this  burning  takes  place.     He  main- 
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tains  that  direct  burning  of  coal  due  to  atmospheric  oxygen 
is  confined  to  the  initiation  of  the  process  at  the  surface 
by  the  burning  of  an  enormous  mass  of  coal  in  the  open 
air  ;  and  that  the  extension  of  the  destruction  of  the  seam 
for  some  distance  inwards  under  a  cover  of  rock  is  due  not 
to  atmospheric  oxygen,  but,  firstly  to  distillation  effected 
by  the  heat  transmitted   inwards  from  the  surface   fire, 
followed  by  complete  oxidation  of  the  resultant  coke   or 
carbon  by  steam  raised  from  water-level,  the  complete  re- 
duction of  the  seam  to  ashes  being  thus  effected  by  a  pro- 
cess analogous  to  that  occurring  in  the  Mond  gas-producer. 
This  explanation  appears  to   me  very   complete   and 
satisfying,  especially  as  the  combustion  of  the  Mond  gas — 
mainly  carbon  monoxide  and  hydrogen' — at  the  surface 
would   obviously  provide  the   heat   required   to  melt   the 
associated  rocks.     It  will  be  noticed,  however,  that  the 
ultimate  results,  viz.  the  conversion  of  coal  to  ashes  and 
the  melting  of  associated  rocks,  is  dependent  upon  a  free 
supply  of  oxygen.     Atmospheric  oxygen  supports  the  ini- 
tial conflagration  at  the  surface,  oxygen  derived  from  steam 
converts  the  carbon  of  the  deeper  parts  of  the  seam  into 
carbon  monoxide,  and  finally  atmospheric  oxygen  enables 
the  hydrogen,  carbon  monoxide,  and  the  volatile  constitu- 
ents of  the  coal  (e.g  methane)  to  burn  at  the  surface  and 
add  to  the  general  sum  total  of  heat. 

My  note,  as  the  title  shows,  was  of  a  preliminary 
character,  and  I  did  not  profess  to  give  detailed  explana- 
tions. Mr.  Ward  has  now  offered  one  which  appeals  to  me, 
but  he  does  not  destroy  my  point  about  the  essential  differ- 
ence between  the  two  classes  of  phenomena  referred  to. 
The  coking  produced    by   mica-peridotite  is  effected 
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without  the  help  of  oxygen,1  whilst  the  phenomena  accom- 
panying the  burning  of  a  coal-seam  at  the  outcrop  owe 
their  initiation  to  atmospheric  oxygen  and  their  completion 
to  oxygen  derived  partly  from  steam  and  partly  from  the 
atmosphere.  The  first  process  can  take  place  in  the 
absence  of  oxygen  ;  the  second  cannot. 

The  discussions  of  Messrs.  Adams,  Glen  George,  and 
Roberton's  "  Report  on  Mining  Education  in  England  with 
special  reference  to  India,"  and  Mr.  J.  H.  Evans'  paper  on 
"  The  Housing  of  Labour  and  Sanitation  at  Mines  in  India," 
were  closed. 

Discussion  on  Mr.  Hendry's  paper  on  "Some  primary 
considerations  of  hydraulic  stowing  in  mines,  with  a  note  par- 
ticularly relating  to  the  coalfields  of  Bihar,"  was  continued. 

Mr.  R.  R.  Simpson  ■  -I  believe  Mr,  Walsh  some  time 
ago  tried  running  earth  by  means  of  a  stream  of  water 
down  an  incline.  I  should  like  to  know  the  conclusions 
Mr.  Walsh  drew  from  his  experiments. 

Mr.  Thos.  Walsh  . — I  only  did  this  as  an  experiment 
to  find  how  much  debris  would  be  carried  down  by  the 
water.     I  found  this  to  be  about  2  of  debris  to  1  of  water. 

Mr.  R.  R.  Simpson  : — An  interesting  experiment  has 
recently  been  made  at  Jogta,  where  they  have  run  down 
about  10,000  tons  of  stowing  material  in  an  open  channel. 
The  grade  is  1  in  5,  and  it  is  claimed  that  one  volume  of 
water  carries  eight  volumes  of  stowing  material.  Rocks  up 
to  10  lbs.  in  weight  are  transported.  The  galleries  have 
been  filled  roof  high.  Brick  stoppings  have  been  used  in 
order  to  hold  up  the  stowing.  I  think  the  mine  would  be 
a  good  example  for  the  members  to  see 


1   The  combined  oxygen  of  raagmatic  and  underground  water,  if  present,  seem 
to  have  produced  no  noticeable  effect. 
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Mr.  G.  C.  Webster : — It  would  be  interesting  to  obtain 
some  data  as  to  the  relative  values  of  river  sand  as  opposed 
to  gritty  surface  soil  for  purposes  of  packing.  I  recently- 
had  occasion  to  pack  some  galleries  surrounding  an  old 
shaft ;  as  there  was  no  river  sand  available,  this  was  done 
by  cutting  the  surface  soil  and  throwing  this  down  the 
shaft  from  the  bottom  of  which  it  was  conveyed  by  coolies 
and  packed  in  the  galleries.  Strictly  speaking  this  was 
dry  packing  but,  as  the  work  was  carried  out  in  the  rainy 
season,  a  good  deal  of  water  went  down  the  shaft.  We 
found  that  the  debris  at  the  shaft  bottom  at  once  set  and 
took  quite  a  lot  of  digging  out.  On  several  occasions  the 
debris  in  the  shaft  set  so  firmly  that  it  was  entirely  under- 
cut and  shots  had  to  be  fired  in  order  to  loosen  the  debris 
above.  In  the  galleries  themselves  this  gritty  soil  formed 
a  very  compact  packing,  so  much  so  that  the  act  of  walk- 
ing over  this  within  two  or  three  hours  left  no  impression 
on  the  surface. 

Mr.  Simpson : — I  agree  with  Mr.  Webster  that  sharp 
sand  makes  a  much  more  solid  filling  than  water-worn  sand. 
In  some  cases  the  filling  stands  up  by  itself  like  a  wall. 

Mr.  Webster: — I  should  like  to  ask  Mr.  Walsh  what 
was  the  angle  of  rest  of  the  material  he  used. 

Mr.  Walsh  : — The  material  I  used  was  river  sand.  In 
throwing  the  mass  into  a  gallery  with  a  4"  pipe  the  angle 
of  rest  was  about  1  in  6.  When  the  wet  stuff  was  placed 
in  position  the  angle  of  rest  was  1  in  4. 

The  discussion  on  Mr.  Hendry's  paper  was  deferred. 

Mr.  Edwin  J.  Beer's  paper  on  "Notes  on  rocks  from 
Pavagarh  to  Dohad ' '  was  taken  as  read,  and  a  vote  of 
thanks  accorded  to  the  author 
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i.     Introduction. 

The  country  east  from  Pavagarh  hill  seems  to  have 
been  very  little  explored  or  described, 
though  it  is  of  unusual  geological 
interest  .  it  may,  therefore,  be  worth  while  giving  a  brief 
account  of  the  rocks  met  with  in  a  traverse  between  the 
well-known  landmark  of  Pavagarh  and  the  headquarters 
town  of  Dohad. 

At  one  end  of  this  traverse  lies  Halol,  a  town  in  Halol 
Petha  of  the  Panch  Mahals  District,  Bombay.  At  the  other 
end  is  Dohad,  in  the  Dohad  Taluka  or  Mahal  of  the  Panch 
Mahals. 

The  line  joining  these  towns  runs  E.X.E.  and  passes 
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through  Devgad-Baria,  capital  of  the  State  of  Baria,  in 
which  most  of  the  traverse  lies. 

Part  of  the  area  now  under  consideration  will  shortly 
be  served  by  one  of  the  Gujarat  railways,  which  at  present 
runs  from  Champaner  Road  to  Shivrajpur,  with  an  exten- 
sion being  built  to  Pani,  in  Chota  Udepur. 

I  am  unfortunately  too  far  away  to  consult  reference 
libraries,  but  I  believe  the  only  litera- 
ence°  °gIca  'e  er~  ture  upon  the  geology  of  some  portion 
of  this  region  is  Dr.  Blanford's  great 
memoir  ' '  On  the  Geology  of  the  Taptee  and  Xerbudda 
Valleys,"  Memoirs  of  the  Geological  Survey  of  India,  Vol. 
VI  (,1869),  and  some  recent  and  more  detailed  descriptions 
of  local  hills  within  the  area  by  Dr   B.  B.  Fermor.1 

2.     Halol. 

From  the  B.B.  and  C.I.  Railway  to  Pavagarh,  that  is 
to  say  from  the  Baroda  State  border  near  Champaner  Road 
station,  through  Halol  town,  to  the  foot  of  the  great  for- 
tress-hill, the  country  is  quite  flat  and  covered  with  allu- 
vium and  regur  (black  cotton  soil). 

It  is  under  cultivation,  chiefly  cotton,  and  shows  no 
rock  outcrops,  but  I  surmise  that  part  of  the  "  solid  geo- 
logy "  should  be  marked  as  Deccan  Trap,  and  the  rest  as 
granite.  The  trap  is  the  underground  extension  of  Pava- 
garh and  the  granite  is  the  extension  of  a  wide  granite  plain 
extending  to  Godhra,  and  beyond  it  in  a  northerly  direc- 
tion towards  Bunavada,  a  State  at  present  closed  to  geo- 
logical research. 


1  "  On  the  Lavas  of  Pavagad  Hill."  Rec.  Geol.  Surv.  Ind..  XXXIV.pp.  148-160 
(1906). 

"  The  Manganese-ore  Deposits  of  India."  Mem.  Geol  Surv.  Ind.,  XXXVII.  pp. 
646-661  (1909). 
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3.     Pavagarh  Hill. 

This  wonderful  outlier  of  Decean  Trap  forms  a  striking 
feature  for  40  miles  around,  riding  the  plain  as  a  turreted 
battleship  rides  at  anchor  in  the  sea.  The  simile  is  best 
from  the  direction  of  our  traverse  line  (E.X.E.),  because 
the  main  turret,  a  precipitous  lava  flow  centred  on  a 
plateau  400  feet  below  the  summit,  runs  with  the  major 
axis  of  the  hill  in  a  N.N.W.  direction  ;  whereas  seen  end- 
on,  e.g.  from  Champaner  Road  station,  the  flow,  though 
still  a  notable  feature,  resembles  a  knob.  Plate  4  is  a 
plan  of  the  hill.  It  is  an  unsatisfactory  place  to  map 
geologically,  because  the  soft  clastic  rocks  are  unduly 
spread  out  in  plan,  while  the  massive  flows,  upstanding  as 
cliffs,  become  thin  lines.  Therefore  a  better  idea  of  the 
geological  structure  is  given  by  Plate  7,  fig.  1,  than  by  the 
map. 

The  debris  is  too  thick  to  allow  the  ' '  solid  geology ' ' 
to  be  mapped  throughout,  while  the  extreme  rottenness  of 
the  ground  and  the  steepness  of  the  slopes  make  it  a  hazar- 
dous research.  Should  any  geologist  wish  to  map  the  under- 
lying beds  correctly,  the  only  satisfactory  season  would  be 
the  brief  interval  between  the  first  monsoon  shower  and 
the  bursting  of  the  rains.  Only  then  are  the  exposures 
clean  and  relatively  free  from  undergrowth,  and  the  partial 
destruction  of  the  road  after  the  first  heavy  rain  would 
give  accessible  exposures  ;  but  off  the  track  the  debris  give? 
no  foot-hold,  nor  does  the  outcropping  rock  give  any  firm 
handgrip,  being  liable  to  break  away. 

The  hill  is  rapidly  decaying,  and  it  is  remarkable  that 
so  abrupt  a  mass  should  have  resisted  the  forces  which 
removed  every  other  trace  of  Decean  Trap  for  so  many 
miles  around. 
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The  turret,  which  stands  precipitously  upon  a  bed  of 
^,  green    ash,  has    the    appearance    of   a 

The  tun    I  °  '  /  \ 

denuded  volcanic  neck,  but  the  hori- 
zontally of  the  basalts  and  agglomerates  below  the  plateau, 
and  of  the  ash  beds  themselves,  preclude  the  consideration 
of  such  an  origin.  It  must  have  been  a  covering-flow  to 
the  underlying  layers,  and  by  its  stony  subvitreous  struc- 
ture may  have  protected  Pavagarh  from  the  weathering 
which  totally  destroyed  all  the  surrounding  trap  country. 

But  it  is  not  so  level-bedded  as  many  of  the  basalt 
flows,  and  apart  from  this  weakness  it  is  doomed  by  the 
instability  of  its  foundations,  for  it  rests  upon  a  friable 
layer  of  green  ash,  which  in  the  rains  must  be  a  veritable 
sponge,  and  even  in  the  dry  weather  is  soft  and  crumbly. 
The  turret  therefore  is  undercut  and  split  from  top  to  bot- 
tom thr  i  c,  while  enormous  masses  of  it  have  fallen 
upon  the  narrow  plateau  and  are  creeping  gradually  to  the 
edge  of  the  great  pi  ecipice  so  close  to  them. 

The  precipice  at  this  point,  where  it  is  1,600  feet  high, 
nas  encroacl  within  400  feet  of  the  turret,  so  that  if 

the  turret  itself  does  not  fall  to  pieces  first,  it  will  be  en- 
gulfed by  the  approach  of  the  precipice.  Upon  the  turret 
rests  a  smaller  but  similar  mass  of  rhyolite  to  which  the 
same  remarks  apply. 

As  the  geological  map  of  the  hill  gives  so  poor  an  idea 

of  its  constitution,  it  may  be  well  to 

Aocendmg  section         •  account  of  the  strata  crossed 

of  Pavagarh  Hill.  & 

from  bottom  to  top. 

The  section  given  is  from  the  Champaner  side,  the  only 
side  that  is  not  precipitous  and  where  the  cliffs  have  been 
cut  into  steps. 

Although  the  lava  flows  appear  from  a  distance 
horizontal  and  parallel,  the  strata  to  some  extent  wedge 
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into  one  another,  so  that  it  is  not  certain  that  a  section 
taken  one  side  of  the  hill  would  represent  the  section  on 
every  other  side.  In  the  turret  signs  of  disturbance  are 
quite  evident. 

The  lowest  beds  seen  are  in  the  bottoms  of  wells  in 
Champaner    City,    the  foundations   of 

Champaner  City :  j^  belong  therefore,  to  the  Deccan 

Above  430  feet.  &' 

Trap  and  not  to  the  Champaner  Series. 
The  lowest  trap  seen  is  a  porphyritic  very  fine-grained 
greyish-black  rock,  probably  originally  a  hard  basalt,  but 
now  hardly  recognisable.  Most  of  the  city  wells,  however, 
are  pakka  built  with  brick  or  sandstone-grit. 

Above  this  comes  30  feet  of  rubble,  representing  the  re- 
sults of  surface  "  creep  "  and  decompo- 
sition, and  alluvial  mud.  On  this 
stood  the  ancient  city,  the  capital  of  Gujarat,  which  the 
jungle  has  now  swallowed.  For  several  square  miles  he 
who  pushes  through  the  undergrowth  under  the  stunted 
trees  of  the  Government  Forest  Reserve,  will  come  upon 
walls,  columns,  bridges,  palaces,  fortifications,  towers, 
temples,  mosques,  platforms,  and  the  remains  of  innumer- 
able houses,  all  in  the  last  stages  of  decay,  and  he  may 
reach  the  same  stage  himself  by  falling,  as  many  herdsmen 
have  done,  into  a  well. 

The  wells  are  numerous,  but  are  lined  with  great 
blocks  of  sandstone  and  grit,  properly  dressed  and  fitted, 
so  that  they  show  no  rock  exposures  and  the  source  of  the 
grit  from  which  tnis  vast  city  was  made  is  a  mystery. 
These  wells  sometimes  contain  water ;  and  in  the  dry  ones 
can  be  seen  the  bones  of  the  unfortunate  animals  that 
have  fallen  in. 

The  next  exposures  to  be  mentioned  are  certain  small 
solated  hillocks  half-way  between  the  stations  of  Haloli 
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and  Pavagarh  on  the  Guzerat  railways.  They  are  on  the 
Halol-Timbi  boundary  and  the  Champaner-Shivrajpur 
Light  Railway  (CSX.  Ry.)  passes  between  them.  Here,  a 
well,  borrow  pits  of  the  C.S.L.  Ry.,  and  a  small  mound 
(see  fig.  i),  show  the  country  to  be  fine-grained  greyish-black 
basalt  with  olive-green  porphyritic  plagioclase. 

Next  comes  an  anwgdaloidal  and  porphyritic  trap, 
purple  to  pale  lilac  in  colour  and  containing  zeolites  and 
transparent  green  plagioclase.  This  mineral  locally  seems 
to  have  resisted  kaolinisation  even  when  the  rest  of  the 
rock  is  rotted  be}rond  recognition. 

The  hillock  is  capped  with  solid  hard  black  basalt  some- 
times containing  flakes  of  a  micaceous  mineral  recalling 


CMAMPANAR-  malOl 
ROAD 


RAILWAY  WALLED   MILLOCrt 

1  i  I 


WELLS  8.BUIN5 

Fig.  i— Section  through  Timbi  hill  and  hillock.     Halol. 

the  'magnesia-mica'  or  '  rubellan '  of  Carter.1  Dr.  Fermor 
tells  me  that  this  mineral  is  probably  iddingsite,  formed 
by  the  alteration  of  olivine.  Surface  weathering  brings  out 
bronze-coloured  and  black  spots  in  this  basalt. 

The  smaller  hillock  has  apparently  once  been  the  site 
of  a  fort  or  building,  as  it  has  been  levelled  up  and  shows 
signs  of  having  been  once  walled  round.  Instead  of  the 
hard  black  basalt,  it  is  capped  with  dull  stony  grey  felsite, 
or  rather  a  rock  of  grey  felsitic  appearance  without  the 
usual  crystal  inclusions,  containing  only  small  purple  and 
white  spots  of  amorphous-looking  material.  It  may  be  an 
altered  tuff  of  only  local  occurrence,  but  these  exposures 


i  Rec.  Ceol.  Surv.  Iud..  XXXIV,  p.  153. 
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prove  at  any  rate  a  slight  northerly  extension  of  the  Dec- 
can  Trap  beyond  the  northern  limits  of  Pavagarh  itself. 
This  extension  does  not,  however,  go  far,  for  2  miles  fur- 
ther on  at  Jhankaria,  quartzites  crop  out. 

This  is  a  long  steep  forested  spur  of  Pavagarh  rising 

m  some  450  feet  above  the  plain.     Over 

Salia  Wakalia  Hill.       .  -     ,.-    ,  ,    ,    .  , 

it  a  fortified  pass  led  into  the  walled 

portion  of  Champaner  City,  and  the  road  and  monorail  to 
the  Shivrajpur  Mines  crossed  the  pass.  The  present  rail- 
way goes  round  it  in  the  plain  to  the  north.  Salia  Wakalia 
is  at  present  a  fire-alarm  station  for  the  extensive  forests 
around.  It  is  made  up  of  rotted  purple  amygdaloids  and 
agglomerates,  basalt,  and  porphyry. 

Other  detached  spurs  are  thrown  out  in  the  jungle  to 

the  south,  and  they  also  consist  of  red 

South  side  of  agglomerate,  black  basalt,  and  rocks 

similar  to  those  on  the  main  mass. 

The  lowermost  of  the  inaccessible  cliffs  on  the  south 

side  show  locally  a  distinctly  columnar  structure.     Steep 

though  they  are,  the  slopes  beneath  the  cliffs  are  inhabited 

by  pig,  cat,  and  jackal,  while  the  higher  narrower  terraces 

form  dizzy  nesting  places  for  hundreds  of  vultures  of  several 

kinds. 

Proceeding    up    the    main  hill  we  find,  up   to  about 

600  feet,  debris  composed  of  enormous 

PaVasgoaor?eetabOVe        boulders  of  rhyolite  and  degradation 

products  of  the  same,  and  also  some 

mauve-purple  agglomerate  beds. 

Soft,  variable,  but  mostly  pale  purple,  mottled,  clay- 
rock,  probably  a  devitrified  rhyolite  : 

600  feet.  ,11  1  1 

also   rotted   decomposed    agglomerate 
of  the  same  materials. 
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Near  the  Atak  Gate  are  white  soft  decomposition  pro- 
ducts, and  pale  lilac  clavs  with  glassy 
700  feet,  r  &        - 

felspar  phenocrysts,  probably  repre- 
senting devitrified  rhyolites  and  rhyohtic  tuffs,  cherty  in 
places  and  mixed  in  a  confused  way  with  great  rhyolite 
boulders. 

Rhyolitic  mud  and  gravel,  with  some  slabby  rhyolite, 

occur  near  Mendi  Talau.     It  mav  have 
800  feet. 

been  of  these  decomposed  and  some- 
times shaly  rocks  that  Dr.  Blanford  wrote  in  1S69  (I.e.  p. 
182) :  "It  is  not  easy  to  explain  the  formation  of  such 
beds ....  There  is  a  possibility  of  these  rocks  having  been 
flows  of  volcanic  mud  of  great  tenuity,  or  their  peculiar 
character  may,  in  part  at  least,  be  due  to  changes  subsequent  to 
their  consolidation.     Similar  beds  are  very  rare  amongst  the 

trap.  ..."  (Dr.  Fermor,  Rec.  Geological 
Survey  of  India,  XXXIV,  pp.  149-158, 
quotes  the  whole  passage  and  deals  in  detail  with  10  Pava- 
garh  rock  specimens). 

Discoveries  since  1869  might  modify  this  last  state- 
ment of  Blanford' s,  and  that  the  por- 
tion I  have  italicized  is  the  true  ex- 
planation is  shown  in  places,  the  weathered  rhyolite  pass- 
ing into  mottled  shaly  mud  resembling  tuff.  Blanford 
notices  that  they  "  occasionally  appear  to  pass  into  basal- 
tic trap." 

The  greater  part  of  these  soft  mottled  purple  and  grey 
rocks   is   due    to   devitrification    and 
alteration  of  both  rhyolite  and  basalt, 
mostly  the  former.     Xo  doubt  true  tuffs  contribute  some- 
thing,  but    tuffs   with   strikingly   weathered    out    scoriae, 
common  in  Salsette  and  elsewhere,  are  absent  from  Pava- 
arh,    though    lumps   of   coarse   pumice   do   occur    in   an 


-- 
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agglomerate  and  give  it  a  nobbly  appearance.  There  is 
no  true  outcrop  hereabouts,  but  some  of  the  mottled  and 
muddy  agglomerates  may  be  in  situ. 

Just  before  the  Buria  Gate  comes  a  hard  compact 
black  basalt  flow,  followed  by  : — 

1,200  feet,  Buria  Soft  decomposed  bluish  basalt  and 

Gate,  basaltic  agglomerate. 

Hard  decomposed  grey  basalt  forming  a  fortress  wall. 

Fine-grained  grey-black  zeolitic  basalt,  in  places 
agglomeratic. 

Grey  and  dark  purple  basalts,  cut  into  steps.  Some 
fine  grained,  others  porphyritic. 

Massive  grey  basalt  and  some  basaltic  agglomerate. 

These  flows  form  a  cliff  round  the  hill,  and  the  stair- 
ways cut  through  it  are  elaborately  fortified  by  a  series  of 
gates  and  walls,  each  commanded  by  the  one  above  it, 
extending  from  Buria  Gate,  1,200  feet,  to  Pir  Gate,  1,300 
feet. 

Just  before  Pir  Gate  there  seems  to  be  a  soft  bed,  for 
the   wall   becomes    artificial,  i.e.  built 

1.300  feet,  Pir  Gate.  . 

up  instead  01  cut  out,  and  under  it  is  a 

pit  dug  into  7  feet  of  soft,  white  spotted,  buff  earth.    Next 

comes  a  twisted-looking  flow  of  solid  dark  purple  rhyolite 

with  pale  knots,  strings,  mottlings  and  markings. 

After  Pir  Gate,  above  1,300  feet,  is  debris  of  rhyolite 
and  basalt  on  a  slope.  A  track  leads  off  to  the  wonderful 
terraced  Palace. 

1,400  feet.  Debris  of  rhyolite  and  basalt. 

1,500  feet.  Debris  of  rhyolite  and  basalt. 

Hard  black  basalt,  with  spheroidal 
1,600  feet. 

weathering. 

Rotted  black  basalt,  sometimes  amygdaloidal. 

Grejr  basalt. 
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Soft  lilac  trap,  amygdaloidal.  Also  some  thin  beds  of 
rotted  material,  apparently  basalt,  rhyolite,  and  agglome- 
rate. 

Grey  trap,  with  green  spherical  amygdules  ;  and  other 

basalt  flows.     The  Makai  Kothar  or 

1,650  feet.  Maize  Granary  is  situated  hereabouts. 

Dark  green-black  and  purple  amygdaloid,  with  masses 
of  stilbite  and  heulandite  developed  in  some  places. 

Pavagarh  is  not  a  really  good  place  for  zeolites,  owing 
to  surface  decomposition,  but  they  are  best  seen  on  the 
dangerous  slopes  just  around  the  little  temple  of  Bhadra 
Kali,  which,  at  1,734  feet  above  sea  level,  occupies  a  great 

flat-topped    spur    precipitous    on    all 

1 ,700  eet.  sides,  except  for  the  narrow  saddle  join- 

ing it  to  the  main  mass.      This  saddle  is  occupied  by  ruins 
of  palaces  and  fortifications. 

Returning  to  the  main  mass  of  the  hill,  there  is  grey- 
black  fine-grained  basalt  with  porphyritic  glassy  felspar, 
coloured  bronze-red  by  decomposition  products. 

Soft  grey  fine-grained  amygdaloid,  full  of  purple  fel- 
spar crystals  and  little  spherical  cavities,  some  filled  with 
zeolite  and  decomposition  products. 

Tuff  or  agglomerate,  full  of  altera- 

1,750  feet.  - 

tion  products. 

Altered  trap,  apparently  a  completely  broken-down 
porphyritic  basalt.  In  some  places  numerous  amygdules 
and  zeolites  occur  in  it. 

Pale  purple  amygdaloid  with  finely  crystalline  ground- 
mass,  small  zeolites  and  much  amorphous-looking  decom- 
posed matter. 

Grey-black  basalt,  forming  a  cliff.  Contains  altered 
felspar  crystals  and  some  geodes  of  stilbite. 
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The  same  flow,  crowded  with  amygdules  of  zeolites, 
mostly  stilbite,  and  their  decomposition  products. 

Green,  brown,  and  purple,  agglomerate,  mostly  of 
finely  amygdaloidal  pyroclastic  material  much  decomposed. 

Bluish  tuff  or  perhaps  altered  trap  or  agglomerate, 
mottled  and  rotted. 

Soft  grey  porphyritic  basalt  with  spheroidal  weather- 
ing on  a  small  scale. 

Confused  layers  of  bluish  tuff  and  agglomerate,  con- 
taining much  zeolite. 

Hard  greenish-black  basalt,  with  felspar  phenocrysts. 

Fine-grained  mottled  basalt,  without  inclusions. 
Resistant  greenish-black  basalt. 

1, 800  feet.  „    .  .  ,,  -ii  ,, 

Bluish  massive  fine-grained  basalt. 

Basalt  with  much  included  crystalline  matter  of  various 
colours. 

Dark  purple  amygdaloid  with  yellow-lined  opaque 
white  zeolites,  mostly  stilbite,  scolecite,  heulandite,  and  cal- 
cite.  In  places  this  rock  is  soft  and  whitish-brown  with 
little  black  rods  of  some  ferro-magnesian  mineral. 

Altered  trap.  Soft  olive-green  matrix  with  pisolitic 
black  inclusions  like  small  peas.  These 
spherules  are  usually  filled  with  radiate 
soft  black  matter  having  a  brown  streak  and  a  waxy  feel. 

A  trench  has  been  cut  in  this  rock  in  order  to  join  the 
heads  of  the  two  great  ravines  and  so  sever  the  mass  of 
Pavagarh  from  the  accessible  spur  running  from  Champaner 
City  via  the  Bhadra  Kali  Spur.  The  rock  so  exposed  is 
soft  and  rotten. 

The  only  access  to  the  main  plateau  of  Pavagarh  is 
up  the  long  strongly  fortified  spur  from  Champaner  on  to 
the  neck  of  the  Bhadra  Kali  spur,  and  so  to  the  junction 
of  its  saddle  with  the  main  mass. 
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The  head  of  the  ravine  from  the  Patar  Tank  pass 
already  mentioned  almost  joins  the  head  of  the  deep  ravine 
between  Pavagarh  and  Bhadra  Kali  so  that  this  is  a  very 
critical  point  for  defence,  though  the  fact  is  by  no  means 
obvious  to  a  casual  observer.  But  the  old  engineers  of 
the  fortress  realized  the  extraordinary  difficulty  of  avoiding 
this  neck  in  an  ascent,  and  to  command  the  narrow 
path  better  they  cut  this  trench  and  threw  a  bridge  across 
it.  Those  who  doubt  the  necessity  of  crossing  this  single- 
file  bridge  should  try  an  ascent  by  some  outflanking  route. 
.  The  guard  of  the'double  gate  at  the  bridge-head  would 
command  the  only  way  up,  as  both  ravines  are  deep,  diffi- 
cult of  approach  and  have  crumbling  and  precipitous 
sides. 

If  this  simple  but  masterly  piece  of  fortification  is  due 
to  Mahmud  Begara,  who  fortified  the  top  plateau,  the 
rock  cut  into  must  have  had  four  centuries'  exposure,  but 
as  the  overlying  lava  which  has  also  been  cut  into,  is  quite 
fresh  an  inch  or  so  from  the  surface,  we  must  deduce  that 
the  differences  in  degree  of  weathering  were  established 
before  the  trench  was  cut. 

Black  basalt,  fresh,  with  olive-yellow  porphyritic 
felspar  crystals  in  transparent  plates, 
bronze-red  on  the  outside  by  develop- 
ment of  micaceous  scales.  Lies  unevenly  upon  the  greenish 
trap  last  mentioned. 

Purple-grey  soft  agglomerate,  veined  and  mottled  with 
a  zeolite. 

Hard  grey  trap,  with  grey  porphyritic  laths  and  stel- 
late groups  of  pale  buff  crystalline 
matter  and  some  soft  decomposition 
infillings. 

Fine-grained  grey  trap. 
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Soft  chocolate  to  purple-brown  trap,  interbedded  with 
grey  trap  and  porphyritic  trap. 

Grey-green  earth  with  white  porphyritic  crystals  and 
cavities  containing  stilbite,  heulandite  and  scolecite. 
Layers  of  grey  amygdaloidal  porphyry  with  stellate  white 
zeolite  crystals  and  bronzy  felspar  crystals.  The  whole 
represents  a  decomposed  trap  rotted  and  covered  by 
fresher  material  fallen  from  above. 

Cellular  amygdaloid  with  white,  green,  and  salmon- 
coloured  inclusions,  white  laths  of  de- 
composed felspar  and  round  cavities 
lined  with  brown-black  velvety  crystals.  A  strikingly 
beautiful  but  rotten  rock. 

Basalt  with  phenocrysts. 

Very  rotted  brown  amygdaloid,  full  of  white  laths  and 
round  ochreous  bubbles. 

Brown  mud  re'sulting  from  a  porphyry,  heavily  charged 
with  white  laths,  small  stellate  groups  of  the  same,  and 
black  and  brown  decomposition  products. 

Porphyritic  amygdaloid,  soft,  grey,  with  much  piso- 
litic  brown  matter  and  white  prisms. 
The  upper  portion  is  cellular,  but  the 
whole  is  as  friable  as  earth  and  exposures  are  rare. 

Ah  this  part  of  the  hill  is  a  steep  slope  thickly  covered 
up  with  debris  from  above  and  with  undergrowth.  The 
debris  consists  of  basalt,  rhyolite,  pitchstone,  porphyry  and 
agglomerate  from  higher  flows,  products  of  creep  and 
decomposition,  and  many  bricks,  stones  and  carvings,  espe- 
cially of  freestone,  from  the  Jain  temples  of  the  plateau. 
These  were  destroyed  and  built  into  a  wall  around  the 
plateau  in  the  15th  century  by  Mahmud  "Begara"  (so 
called  because  of  his  simultaneous  capture  of  the  two  great 
Deccan  Trap  hill  fortresses  :  Pavagarh  in  Gujarat  and  Girnar 
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in  Kathiawar,  after  a  long  seige).  The  wall  is  gradually 
falling  on  to  the  slope  beneath.  The  quantity  of  this 
freestone  is  enormous  and  its  origin  will  be  discussed 
ater. 

Purple  porphyritic  amygdaloidal  trap,  very  handsome 
when  fresh,  but  usually  reduced  to  shaly  earth.  Expo- 
sures rare,  quantity  apparently  very  large  and  flows  thick. 
Principal  zeolites,  stilbite  and  heulandite,  with  calcite  and 
quartz. 

2,200  feet.  Dark  grey-purple  basalt. 

Drab  brown-purple  basalt. 

Grey  to  purple-brown  altered  trap,  with  grey  basalt. 
Red  inclusions.  Apparently  these  flows  are  interwedged, 
but  the  appearance  may  be  due  to  the  difficulty  in  distin- 
guishing rock  outcrop  from  fallen  boulders  wedged  together 
and  rotted  to  a  uniform-looking  paste. 

Fine-grained  grey  basalt  with  rounded  green  crystalline 
spots  and  traces  of  spheroidal  weathering.  Usually  seen 
as  a  granular  whitish  mud  with  rusty  brown  spots. 

Brown-grey  trap  with  pale  green  porphyritic  felspar 
and  small  round  blebs  of  green-black  earthy  amygdaloid. 

Chocolate-purple  cellular  trap,  with  small  porphyritic 

white  crvstals  in  a  finely  crystalline 
2,300  feet. 

brown  ground  mass,  numerous  bub- 
bles of  the  size  of  peas  are  lined  with  fine  mossy-brown 
crystalline  fluff,  with  a  wax}'  green  streak.  Some  of  the 
cells  are  partly  occupied  by  small  clear  crystals  of  apophyl- 
lite  simulating  cubes ;  and  small  geodes  lined  with  salmon- 
pink  nacreous  stilbite  also  occur.  Some  cavities  contain 
crystalline  woolly  fluff.  The  rock  is  very  handsome,  but 
too  soft  for  any  use.  It  is  capped  by  solidly  cemented 
agglomerate  with  white  crystals  in  a  brown-purple  ground- 
mass  ;  bluish  white  secondary  products  make  it  look  paler. 
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Basalt,     finely     crystalline-grey    to 

2,350  het-  black. 

Basalt,  porphyritic.  Grey  to  purple,  irregularly  over- 
lain by  agglomerate,  dark  purple-red  clastic  fragments  in 
pale  bluish  ground. 

Black  porphyry,  matrix  dull  stony,  crystals  small, 
green,  white,  yellow  and  pink. 

Amygdaloid  porphyry,  stony  grey,  crystals  dirty 
white,  amygdules  small,  olive-green, 
with  bright  green  and  some  red  de- 
composition products. 

Rotted  bluish  agglomerate ;  chocolate  fragments  of 
various  altered  porphyries  in  a  bluish  ground.  In  some 
places  it  contains  blue  "pebbles"  resembling  turquoise, 
in  others  it  is  pumiceous,  the  cells  being  either  empty  or 
filled  with  zeolites ;  bordered  with  a  green-earth  suggesting 
celadonite.  In  some  localities  the  rocks  are  so  green  and 
blue  with  these  substances  as  strongly  to  suggest  the  pre- 
sence of  malachite  and  azurite  ;  this  once  resulted  in  an  ap- 
plication for  a  prospecting  license  for  copper.  Of  course 
in  so  sacred  a  place  it  was  refused,  and  pilgrims  still 
chuckle  over  this  refusal,  though  strongly  convinced  that 
the  hill  does  contain  valuable  minerals,  especially  gold. 
I  am  told  that  the  gold  is  unworkable,  several  would-be 
miners  having  suffered  considerable  inconvenience  from  a 
dragon. 

To  show  how  easily  such  reports  get  about,  I  may 
mention  that  I  was  once  looking  down  the  grating  of  a 
dry  storage  tank  on  Bhadra  Kali  saddle,  and  all  the  other 
pilgrims  as  they  came  up  did  likewise  in  turn.  On  return- 
ing later,  I  enquired  from  one  group  what  they  were  look- 
ing at,  and  was  informed  that  there  were  diamonds  there ; 
bv  looking  steadily  they  could  be  seen  shining. 
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Before  passing  on  to  the  next  bed,  which  is  the  green 
ash  covering  all  the  high  plateau,  it  may  be  remarked  here 
that  most  of  the  guard-houses  and  gates  commanding  the 
pathway  have  been  built  with  large  rectangular  stones  cut 
from  the  agglomerates,  usually  the  agglomerate  nearest  to 
the  site  of  the  building. 

Though  easy  to  cut  and  dress  and  originally  very 
handsome,  this  is  the  worst  stone  that 

Building  stones  CQuld    haye    been    chosen  .    for  the    in_ 

used  on  ravagarh. 

secure  cementing  of  the  clastic  frag- 
ments to  one  another,  and  the  growth  and  decomposition  of 
zeolites  weakens  the  stone  to  a  dangerous  extent.  Moreover, 
to  make  matters  much  worse,  in  spite  of  their  skill  in 
building  domes  even  upon  square  bases,  the  architects  do 
not  seem  to  have  realized  the  full  value  of  an  arch,  and 
the  usual  form  of  roof  is  made  by  close-set  uprights  with 
heavy  lintels,  and  long  stones  laid  across  the  top.  These 
made  massive  and  splendid-looking  verandas;  but  nearly 
every  lintel  and  roofing  stone  has  cracked  across  the 
middle  and,  except  where  jammed  into  place  by  its  fellows, 
has  fallen  out.  A  remarkable  instance  is  seen  in  Plate  7, 
fig.  3,  where  a  heavy  veranda-stone  of  the  last-named  zeo- 
litic  "  celadonite  "-agglomerate  had  been  hanging  for  years 
at  an  angle  of  about  20°  to  the  horizontal.  It  was.  merely 
pinned  down  at  its  pointed  end  by  the  weight  of  a  roofing 
stone  upon  it,  and  until  it  fell  out,  the  small  remaining 
part  of  the  veranda  would  be  supported.  For  months 
various  people's  servants  had  been  working  and  passing 
under  it,  when  just  as  the  last  party  had  packed  and  were 
finally  leaving,  there  was  a  shout,  and  the  man  in  the 
picture  just  had  time  to  jump,  when  the  stone — did  not 
fall  as  expected  for  years,  but  broke  in  half,  fractured 
along  a  cluster  of  zeolites.       As  a  result  of  this  fall  the 
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veranda  is  likely  to  hold  up  for  several  years,  wedged  by 
the  point  of  the  remaining  half  of  the  veranda-stone,  with 
its  reduced  weight  and  leverage. 

These  ruins  are  now  being  protected,  but  the  greater 
part  of  an  exceedingly  interesting  series  of  fortified  posi- 
tions has  gone  irretrievably. 

The  remainder  of   the  buildings  are  mostly  of  sand- 
stone-grit,    often    carved,    sometimes 
The   Nathkua  grit.       _      ,,  .        .        . 

finely  with  intricate  detail.  The  source 
of  all  this  stone  was  long  a  mystery,  modern  repairers  hav- 
ing re-used  old  stones,  of  which  there  are  large  quantities 
available.  Whatever  its  source,  however,  this  enormous 
amount  of  material  must  originally  have  been  carried  up 
the  long  steep  paths  by  elephants,  for  no  cart  could  get 
up  and  many  of  the  blocks  are  of  great  weight.  Massive 
buildings  and  stairways  of  this  sandstone  are  found  from 
the  great  tanks,  mosques,  palaces  and  bastions  of  Champa- 
ner  to  the  topmost  Kalika  temple.  This  represents  a 
vertical  height  of  2,300  feet,  the  whole  of  which  is  liberally 
sprinkled  with  this  stone,  either  in  the  form  of  fortified 
walls,  tanks,  steps,  palaces  and  temples,  or  the  remains  of 
them  scattered  in  the  undergrowth  on  the  slopes. 

This  stone  is  not  quite  like  any  of  the  "  Champaner  " 
sandstones,  grits  or  quartzite,  but  more  resembles  the 
younger  grits  of  Lameta,  Bagh,  or  Nimaf  age.  It  is  a  white 
quartz-grit,  quartz-conglomerate,  and  quartz- sandstone, 
with  purple  patches,  and  is  often  current  bedded.  It  took 
much  searching  of  the  jungle  to  find  any  Lameta  outcrop, 
and  the  people  most  likely  to  know  denied  the  existence 
of  any  quarry  or  outcrop. 

Eventually  the  Forest  Department  had  an  application 
for  the  right  to  quarry  building  stone  and  it  appeared  that 
some    old    quarries    or    rather    "  scratchings "    existed    at 
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Nathkua,  4  miles  south  of  Champaner,  buried  in  the  forest 
under  Pavagarh.  The  stone  was  similar  to  that  used  in 
the  Jain  temples  of  Pavagarh  on  the  plateau  and  in  the 
mosques  of  Champaner  City,  but  the  workings  were  too 
shallow  to  show  what  lay  beneath.  The  outcrop  showed 
a  gritty  sandstone,  usually  a  freestone  like  that  used  in 
the  carvings  on  the  mosques  of  Champaner,  either  pure 
white  or  mottled  purple  and  yellow.  The  top  parts 
were  sometimes  indurated  ;  doubtless  therefore  the  trap 
had  lain  immediately  above.  Deep  purple  ferruginous 
lenticules  give  a  striking  appearance  to  some  of  the 
quarried  stone,  but  when  wet  it  fractures  easily  along  such 
lines. 

There  are  similar  "  quarries"  in  the  Bhamria  talukdari 
close  by,  but  nothing  to  account  for  such  enormous  quan- 
tities as  must  have  been  required  for  Champaner  and  Pava- 
garh. 

From  questions  put  to  me  by  P.W.D.  Officers  concern- 
ing the  stone  of  Champaner,  it  would  seem  that  for  repairs 
no  local  stone  was  known  except  rocks  of  the  Champaner 
series,  which  do  not  actually  occur  at  Champaner;  and 
where  freestone  is  urgently  needed  in  connection  with  the 
road  and  light  railway  I  have  frequently  noticed  the  use  of 
miliolite  from  Kathiawar.  In  appearance  this  is  not  unlike 
the  local  gritty  sandstone  of  Nathkua,  but  it  has  to  be 
carried  380  miles  by  rail  to  Champaner  station. 

The  Nathkua  grit  is  quite  as  good  both  in  colour  and 
strength,  and  in  the  ancient  buildings  it  has  stood  the 
stress  of  years  much  better  than  the  other  (trappean) 
materials  employed  alongside  it.  When  at  last  this  Creta- 
ceous outcrop  was  found  in  the  jungle,  I  was  told  by  the 
forest  guard  that  I  was  the  first  European  to  see  it.  And 
yet,  during  a  brief  visit  to  Calcutta  some   months  later 
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when  I  made  time  for  a  hasty  library  glance  through  Dr. 
Blanford's  out-of-print  memoir,  I  found  that  even  in  1869 
a  small  outlier  "just  north  of  Bhamria "  of  Cretaceous 
conglomerate  had  been  noticed.1  [I  saw  no  conglomerate, 
but  much  of  the  fabric  of  the  ancient  buildings  is  a  very 
coarse  quartz-grit,  locally  becoming  white  quartz-conglo- 
merate in  places ;  so  Blanford  perhaps  ma}*  have  referred 
to  the  original  source,  possibly  may  even  have  seen  the 
city  quarries !]. 

South  of  Bhamria  he  noticed  the  quartzite-sandstone 
of  the  "Champaner  series,"  an  entirely  different  stone,  and 
not  likely  to  be  confused  with  the  quartzite-sandstone  of 
the  Champaner  city  buildings.  The  Cretaceous  grits  of 
Xathkua  are  horizontal,  whereas  the  quartzites  of  the 
"  Champaner  series"  (Dharwars)  have  a  high  dip  to  north- 
wards and  are  felspathic. 

But  discussion  whether  the  little  "  Lameta  "  outcrop 
is  really  one  of  the  Bagh  beds  described  by  Blanford  (Mem. 
Geol.  Surv.  Ind.,  VI,  1869)  and  Bose  (Mem.  Geol.  Surv. 
Ind.,  XXI,  1885)  will  be  left  for  the  moment  until  we  reach 
the  other  Cretaceous  outliers  in  Dhanpur  ;  the  freestone 
question  is  only  introduced  at  this  point  because  it  occupies 
the  attention  immediately  upon  emerging  from  the  tiring 
upward  climb  on  to  the  cool  and  breezy  2, 450- foot  plateau  ; 
the  groups  of  beautiful  little  Jain  temples,  mostly  in  ruins, 
and  the  scattered  squared  blocks  of  quartz-grit  and  quartz- 
conglomerate  from  the  walls  of  a  little  cloister  which 
formerly  surrounded  the  most  important  group  of  them, 
and  the  elaborate  carvings  both  upon  the  temples  them- 
selves and  the  scattered  debris  from  them,  all  show  that 
the  stone  is  a  reliable  one. 

I  Mem.  G.S.I. ,  VI,  p.  44_\ 
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The  damage  is  due  not  to  weathering  of  stone  in  this 
damp  and  exposed  place,  but  to  fig-trees  and  Mahomedans. 
As  repairs  have  been  ordered  b}?  Government  and  the  Jains 
themselves  are  doing  some  modern  "  restoration,"  these 
quarries  at  Nathkua  are  being  reopened. 

The  whole  plateau  is  of  green  ash,  laid  in  level  beds 
upon  the  blue  agglomerate.  Although 
these  flows  seem  to  be  horizontal,  I 
think  when  they  come  to  be  accurately  measured,  they  will 
be  found  to  dip  somewhat  toward  the  north.  A  curious 
point  rather  confirming  this  is  the  series  of  water  tanks 
right  on  the  very  edge  of  the  north  brink  of  the  plateau. 
They  contain  water  even  in  the  hot  weather  when  the 
lakes  are  dried  up.  There  are  at  least  8  lakes  on  Pavagarh, 
for  example  Mendi  Talau,  Telia  Talau,  Dudhia  Talau; 
these  are  called  "tanks,"  but  the  Jamna  Kund,  Ganga 
Kund,  Suraj  Kund,  actually  are  tanks, -rectangular  reser- 
voirs lined  with  great  squared  blocks  of  cretaceous  sand- 
stone, hardly  12  feet  from  the  precipice.  I  fancy  the 
water  seepage  from  the  ash  beds  and  the  several  lakes 
and  marshes  of  the  plateau  fill  these  tanks  from  south  to 
north  down  a  dip- slope. 

Ash  beds  of  plateau.  These  are  buff-white  to  deep 
green,  generally  pale  green,  but  rare 

Above  2,450  feet.  .  ^, 

salmon-pmk  forms  also  occur,  ihe 
rock  is  usually  very  soft  and  when  wet  will  not  support  the 
weight  of  the  body.  Its  horizontal  stratification  is  evident. 
In  places  it  is  hard  and  can  be  dressed.  Part  of  it  is  a 
coarse  tuff,  but  it  is  usually  fine  grained  (vide  Fermor's 
specimen  "  rhyolitic  ash"  I.e.,  p.  157).  The  upper  two- 
thirds  of  its  thickness  are  green  to  deep  green,  the  lower 
third  is  paler  green  to  buff. 

Resting  precariously  upon  this  is  the  "  turret,"  a  great 
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mass  of  rhyolite  of  mam*  types.     Being  perpendieular-sided, 

it  cannot  easily  be  tabulated  flow  by 
flow,   but    apparently   the    flows  abut 
and  pass  into  one  another  and  are  not  parallel. 

There  are  even  what  appear  to  be  small  dykes  of 
eherty  felsite  traversing  the  rhyolite,  but  these  "  dykes  " 
might  possibly  be  due  to  infiltration  and  devitrification. 
The  plateau  is  covered  by  an  area  of  93  acres  of  heavy  un- 
even ground,  but  the  turret  is  only  a  long  relic  rock-mass 
some  300  feet  long  by  100  broad,  tapering  at  the  ends  like 
a  boat. 

Resting  upon  it,  130  feet  or  so  above  the  plateau,  is 
another    acidic  lava  flow,  also  stand- 
ing upon  ashes.     This  is  also  break- 
ing up  and  is  itself  only  a  relic  upon  the  larger  one.     On  it 
stands  a  temple  and  on  the  temple  a  Moslem  shrine,  at  an 
elevation  of  2,811  feet.1 

The  turret  is  made  up  of  rhyolite  flows,  showing  signs 
of  disturbance  at  the  south  end.     The 

Rocks  of  the  turret.  ,  .  ,  ,  ,      ,  . 

rock  is  of  many  colours,  but  shades  of 
purple  and  yellow  predominate.  Greenish  felspar  pheno- 
crysts  and  fines  of  flow-structure  are  usual.  Sometimes 
it  is  slabby  in  thin  sheets,  and  I  surmise  it  is  this  condition, 
which,  when  thoroughly  devitrified  and  rotted,  may  give 
rise  to  the  mottled  lilac  shaly  clay-rock  \*.hieh  was  so  long 
ago  recorded  as  remarkable.  Some  of  the  rocks  are  of  great 
beauty,  and  owing  to  man}*  variations  of  colour  and  tex- 
ture a  fully  representative  rock  collection  would  be  bulky. 
The  nobbly  outer  coats  sometimes  suggest  a  pisolitic 
rock,  and  even    inside  a  similar  structure  is  occasionally 


1  The  elevation  of  the  survey  pillar  on  Pavagadh  Hill  is  given  as  2,719  and 
2,720  feet  on  two  recent  maps.  This  pillar  is  lower  down  and  a  few  yards  south  of 
the  temple. 
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observed.  In  these  cases  the  rock  is  either  buff  or  grey,  and 
strongly  resembles  bauxite.  It  is  not  altogether  like  perlite 
in  structure,  though  the  origin  may  be  similar.  A  much 
commoner  variety  is  felsitic  in  texture,  pale  buff  to  deep 
purple  in  colour,  and  contains  no  particular  markings  except 
the  zones  and  lines  of  colour  and  the  little  green  felspar 
crystals. 

It  is  a  similar  rock,  broken  up  into  angular  sharp 
fragments  and  set  hard  in  a  bluish  cherty  matrix,  which 
forms  the  terra-cotta  fragments  in  the  strikingly  beautiful 
mosaic  or  agglomerate  scattered  all  over  the  slopes  of  the 
hill.  (Vide  Fermor,  specimen  No.  9).  Apparently  the 
hard  purple  felsite  (rhyolite)  devitrifies  into  various  buff, 
salmon,  and  terra-cotta  coloured  clays,  with  the  pheno- 
crysts  unaltered.  Felspar  phenocrysts  occur  also  in  the 
cherty  matrix. 

A  concentric  band  of  the  dark  original  purple  is  often 
left  close  to  and  parallel  to  the  outline  of  each  pale  brec- 
ciated  fragment.  This  agglomerate  occurs  among  the  fresh 
vitreous  rhyolite  flows,  probably  caught  in  and  under  them 
and  now  forming  a  part  of  their  mass. 

A  little  coarsely  pumiceous  rock  occurs  on  the  plateau 
of  Pavagarh,  and  a  suite  could  be  arranged  from  grey  pumice 
with  bright  blue  bubbles  to  brick-red  pumice  with  pale 
straw  bubbles,  a  beautiful  collection,  though  not  very  typi- 
cal. 

Pitchstone  occurs,  usually  dead  black,  sometimes 
mottled  with  ochre-brown  palagonite.  On  its  weathered 
slowly  devitrifying  side,  perlitic  markings  turn  it  grey- 
white.     [Vide  Fermor,  specimen  No.  4]. 

Amygdaloid  is  uncommon :  some  occurs  near  the  top 
showing  a  yellow-brown  matrix  with  numerous  elongated 
amygdales  of  green-coated  zeolite. 
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Most  of  the  lavas  of  the  "  turret "  have  to  be  examined 
on  the  steep  boulders-strewn  slopes,  as  few  of  them  can  be 
collected  in  situ  ;  but  the  various  types  seem  to  be  irregu- 
larly distributed  and  it  is  common  to  find  several  types  close 
together  in  one  huge  fallen  mass. 

The  turret  is  not  regularly  built  up  terrace  on  terrace 
like  the  main  mass  of  the  mountain. 

Probably  the  commonest  type  is  a  purple  rhyolite 
showing  flow-structure;  the  matrix  is  hard,  dark,  purple- 
grey  and  siliceous,  edged  with  chocolate-brown.  In  it  are 
numerous  rounded  lavender  patches  of  various  sizes,  mostly 
about  \"  or  less.  In  these  are  small  transparent  pheno- 
crysts  of  felspar,  and  small  patches  of  green  "  celadonite." 
Fine  thin  lines  of  brown  run  through  the  pale  patches  and 
evidently  have  some  connection  with  their  formation,  for 
the  brown  lines  are  nearly  always  bordered  with  the  pale 
lilac  substance,  which  seems  to  lengthen  out  along  them. 
It  looks  as  though  the  matrix  was  silicified  at  the  expense 
of  the  patches.  One  big  fallen  boulder  is  partly  of  such 
rhyolite  and  partly  of  rhyolitic  breccia,  and  it  is  to  be 
noticed  that  if  a  fresh  surface  is  broken  off  in  the  brec- 
ciated  part,  the  big  pieces  of  rhyolite  floating  in  the  matrix 
have  their  edges  soft,  buff,  and  decomposed-looking,  like 
the  fragments  in  Fermor's  plate  22,  fig.  r,  while  the  in- 
terior portion  of  the  same  fragments  are  of  hard  and  fresh 
purple  lava. 

This  again  looks  as  though  the  siliceous  matrix  ob- 
tained some  of  its  silica  at  the  expense  of  the  included 
fragments,  though  of  course  the  fragments  might  possibly 
have  been  already  decomposing  at  the  surface  when  they 
first  became  agglomerated  into  a  breccia.  But  small  frag- 
ments show  no  such  hard  fresh  interior. 

Some  of  the  rhyolites  have  trachytic  texture,  one  hard 
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type  is  brown-pink,  with  narrow  elongated  hollow  cells 
partly  filled  with  quartz  and  has  numerous  pink  lines 
parallel  with  these  cells.  W Tien  this  type  has  no  cells  it 
is  hard  and  vitreous  with  rough  cherty  fracture. 

A  grey  rhyolite  with  flow-lines  of  black  and  dark 
green  is  rather  handsome.  The  green  in  it  is  viridite  and 
it  has  paler  green  earthy  inclusions  and  clear  fresh  green 
crystals  of  felspar.  There  is  also  a  type  of  rhyolite  very 
like  that  of  the  fortress  above  Jodhpur  City,  and  remem- 
bering that  the  Jodhpur  eruption  was  Pre-Cambrian  I  was 
struck  with  the  comparative  freshness  of  the  latter. 

The  upper  ash  bed  is  much  thinner  than  the  lower, 
but    causes   a   loose,    sloping    surface 

Above  2,730  feet.  .  . 

terminating    in    an    uninviting    preci- 
pice.    The  sketch   Plate  5  shows  this  just  below  the  top- 
most flow,  the  life  of  which  is  limited  by  its  soft  founda- 
tions just  as  that  of  the  turret  is  by  the  ash  of  the  plateau. 
The  topmost  flow  resembles  the  turret  on  a  smaller 
scale.    It  contains  rhyolite  and  a  little 
perlite,  a  vitreous  brittle  buff  yellow 
rock  with   the   peculiar   surface-lustre  of   medieval  glass. 
One  small  bit,  fallen  to  the  plateau,  contained  numerous 
black  fragments  like  hard  charcoal,  perhaps  altered  augite. 
Upon  this  exposed  spot  but  sheltered  by  a  high  wall, 
stands  the  temple  of  Kalika  Mata.     The  invading  Mussal- 
man  conquerors  seem  to  have  insisted  upon  the  summit 
being  occupied  by  a  shrine  of  their  own— perhaps  that  was 
the  condition  of  allowing  Kali  to  remain — for  they  have 
destroyed  the  beautiful  Jain  temples  to  Para  snath  on  the 
plateau,  while  upon  the  roof  of  the  Kali  temple,  which  is 
quite  devoid  of  beauty  and  a  most  disappointing  climax 
to   pilgrims   reaching   the    summit,    they   have    placed    a 
domed  square  box  containing  the  tomb  of  a  Pir. 
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As  this  occupies  the  ordinary  place  for  the  spire  of  a 
Hindu  temple,  it  may  be  assumed  that  the  pointed  spire 
was  thrown  down  and  the  Pir's  tomb  substituted.  (Prob- 
ably a  cenotaph  rather  than  a  tomb  judging  from  its 
small  size). 

The  Brahman  version  is  that  the  Pir  was  a  worshipper 
of  Kali,  and  that  upon  his  death,  the  goddess  insisted 
upon  his  burial  upon  her  roof. 

Taking  Pavagarh  as  a  whole,  and  omitting  ash  beds, 
there  would  appear  to  be  no  great  ex- 
Thickness  of  acid     cess  of  either  basic  or  acid  lavas,  but 

and    basic    lavas    in  ,,  .  .,  .  ,    , 

Pavagarh.  a    thickness   of    approximately    1,000 

feet  of  each.  Of  course,  if  only  the 
compact  flows  are  counted,  the  basalts  are  in  large  excess, 
but  if  all  the  lower  debris  slopes  and  the  greater  part  of 
the  upper  ones  are  counted  in  with  the  acid  flows,  then  the 
rhyolites  are  in  excess. 

A  calculation  I  once  made,  not  to  be  considered  re- 
liable, but  curious  as  resulting  in  a  "  dead- heat,"  resulted 

thus : — 

Feet. 

Base,  above  sea  level  .  .         400 

Acid  lavas  and  agglomerates     .  .  1,050  }  Deccan 

Basic  lavas  and  agglomerates  1,050  C  Trap  2,400 

Ashes  and  doubtful  agglomerates        300  )  feet. 


2,800 

4.     Bhamria. 

East  of  Pavagarh  are  several  small  Talukdari  estates 
through  which  run  the  Deo  and  Dhadar  rivers.  These 
show  the  Champaner  beds,  the  local  facies  of  the  Dhar- 
wars,  mostly  shale,  slate,  and  quartzite.  In  Bhamria  are 
also  several  granitic  and  gneissic  rocks,  often  containing 
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much  felspar  and  tourmaline,  and  some  garnet.  Some  of 
them  are  much  altered  and  others  resemble  phyllite  and 
sericite-schist  still  with  a  gneissic  tendency.  Schorl  is  pre- 
sent, and  indeed  an  abundance  of  tourmaline  is  locally 
characteristic  and  has  given  rise  to  reports  that  manganese 
could  be  worked  in  Bhamria. 

Towards  the  Chota  Udepur  boundary,  the  country  be- 
comes very  wild  and  difficult  to  traverse,  and  persistant 
reports  of  manganese  around  Richbar  and  Koivav  may  be 
due  to  the  amount  of  iron,  mostly  haematite,  in  the  rocks. 
Specular  ore  is  not  uncommon  among  the  quartzites  and 
it  occurs  also  in  local  schists  here  and  in  Narukot  State. 
Several  prospectors  have  searched  for  manganese,  but  with- 
out much  success,  the  ores  being  patch)'  and  unworkable. 

Quartzite  with  quartz  conglomerate  and  gneissic  con- 
glomerate, and  various  schistose  rocks,  give  rise  to  thickly 
wooded  steep  ridges  along  the  Bhamria — Chota  Udepur 
boundary,  while  successive  ranges  striking  east  and  west 
separate  the  open  country  from  the  southern  main  ridge 
of  Shivrajpur  manganese  mines. 

5.    Manganese  Mines.1 
This  southerly  aspect,  the  Bhamria  side  of  Shivrajpur, 
contains  no  manganese,  so  the  waste  from  the  northern 

face  is  brought  through  tunnels  and 
vrajpur.  tipped  down  this  side  into  the  forest. 

Upon  crossing  the  ridge  or  passing  through  the  cuttings 
and  tunnels,  an  entirely  new  scene  confronts  one.  The 
steep  forested  country  disappears  and  an  almost  flat  jungle 
is  seen  stretching  to  the  base  of  Pavagarh,  which  stands 
out  impressively,  as  a  mighty  reck  from  the  plain. 

1  See     Blanford,     Mem,     G.S.I  ,   VI,    p.  341;     and    Permor,     Mem.    G.S.I. , 
XXXVII.  pp.  651-661. 
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The  flat  country  is.  slate,  but  the  Shivrajpur  hill 
bends  abruptly  and  completely  round  to  N.N.W.,  the 
inner  face  of  the. curve  being  rich  with  ore  bodies.  How 
many  there  are  is  not  known,  for  the  slates  and  quartzite 
are  bent  and  doubled  considerably,  and  the  ore  is  in  twisted 

PLAIN 


BAMANKUA 


PLAIN 


FOREST 


ORA 


SHIVPAjPuf? 


BHAT 


FOREST 
1 1<;   ;     Plan  of  Manganese-ore  Deposits.    Scale i*=  r  mile 


lenses.  The  richest  part  is  the  angle  of  the  bend,  and 
from  here  the  ridge  is  double,  a  narrow  valley  running 
between  the  two  parts  both  to  west  and  to  north.  At 
the  angle  itself  the  inner  ridge  is  broken  and  a  conical 
hill  once  stood  there  separated  from  the  two  arms  and 
capped    by    a   manager's   bungalow.     The   ore    decreases 
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rapidly  as  the  hills  are  followed  northwards,  and  the  rock 
becomes  quartzite  with  small  pockets  and  veins  of  pyro- 
lusite,  mostly  unworkable.  Towards  Bhat,  on  the  Narukot 
side,  shales  and  slates  come  in,  the  slates  being  in  one  place 
manganiferous  and  black.  On  the  western  side  stringers 
of  pyrolusite  continue,  but  they  are  too  much  mixed  with 
soft  silicious  slate  and  with  quartzite  to  be  of  value. 

The  ores  are  not  of  much  mineralogical  interest,  and 
except  for  occasional  finds  of  geodes  containing  well-crystal- 
lised pyrolusite  geodes  there  is  no  well-defined  mineral  at  all. 
Psilomelaue,  pyrolusite  and  some  ill-defined  braunite  make 
up  the  bulk  of  the  ore  bodies. 

It  is  worth  remarking  that  along  the  inner  ridge,  well 
to  the  north  of  any  workable  ore  (just  above  the  hospital) 
I  found  one  single  small  patch  of  quartzite  crested  with 
dark  purple  piedmontite  and  small  scales  of  crimson  mica. 
This  is  the  only  occurrence  of  such  minerals  known  in  the 
neighbourhood  except  the  very  different  and  special  case 
of  Jothvad-Hirapur  hill,  fully  described  in  Dr.  Fermor's 
Indian  Manganese  monograph  (pp.  646-49). 

The  Shivrajpur  hills  become  bent  back  to  the'X.E. 
and  are  more  broken  as  they  are  followed.  The  regular 
series  of  small  synclines  and  anticlines  into  which  their 
rocks  are  often  folded  is  excellently  seen  at  Ori  hill,  north 
of  Bhat.  The  terrace  runs  along  the  high  part  of  the  hill, 
where  if  the  cores  of  the  anticlines  were  dug  out,  a  series 
of  habitable  caves  would  remain,  with  arched  vaults  of 
pyrolusite-quartz-rock.  The  place  is  right  in  the  jungle, 
but  similar  rocks  are  cut  through  by  the  Halol-Jambu- 
ghoda  road  close  to  the  hills  called  Ora  and  Ori. 

Generally  speaking,  manganese  is  not  in  evidence  much 
to  the  east  of  the  Shivrajpur-Bamankua  scarp  and  after 
passing   Bamankua,   quartzite  and   shale  monopolise  the 
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hills.     The  change  is  abrupt,  for  at  Bamankua  for  2  or  3 

furlongs  the  rock  strike  becomes  regular  (X.E.-S.W.  with 

a  steep  N.W.  dip)  and  rich  layers  of  black  ore  lie  between 

sheets  of  white  silicious  clay.     Some  of  the  clay  is  pure 

white  and   "  soapy,"  most  of  it  is  very  finely  gritty,  and 

striking  specimens  with  berry-like  bunches  of  botryoidal 

black  ore  in  white  clay  are  easy  to  obtain.     The  Dharwars 

of    Shivrajpur    are    not    much    metamorphosed,    and    of 

Bamankua  very    little.     Black-brown   coral-like   pipes  of 

ore  (or  rather  of  manganese-stained   rock)  in  a  soft  pale 

buff  matrix   are  often  seen  in  Shivrajpur   cuttings.     This 

matrix  is  arenaceous  clay  or  fine-grained  soft  argillaceous 

sandstone.      Some  specimens  resemble  leopard-skin  on  a 

reduced  scale. 

6.  Jungle  Area. 

Between  the  two  mines,  and  distinct  from  the  man- 
ganiferous  rocks  is  a  felspathic  grit  belonging  to  what  I 
fancy  is  a  lower  horizon,  namely  the  remarkable  "  Cham- 
paner  "  beds  of  Jaban  described  by  Blanford  (I.e.,  pp.  203, 

340). 

After  passing  Bamankua  the  hills  recede  to  the  north- 
east and  lose  most  of  their  interest. 

They  are  steep,  wooded,  and  most  difficult  of  access 
owing  to  the  extraordinary  development  of  a  plant  called 
Kuanch  (Mucuna  pruriens),  a  leguminous  creeper  with  a 
livid  purple  flower  and  a  beautiful  brown-velvet  pod.  The 
seeds  have  most  wonderful  vitality;  the  "velvet"  from 
the  pods  blows  about  causing  intolerable  irritation  even  to 
the  callous  skin  of  a  deshi. 

After  passing  Dharia,  the  scarp,  still  very  abrupt  and 
hardly  scalable  save  at  selected  places,  runs  off  to  the  east, 
and  except  for  fissure  veins  in  the  quartzite  does  not  again 
become  manganiferous  until  well  into  Chota  Udepur  State, 
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where  at  Khandi  and  Pani  villages,  especially  the  latter, 
plenty  of  soft  ore  is  found,  dipping  vertically. 

Crossing  the  scarp,  we  get  into  a  retort-shaped  area  of 
confused,  steep,  jungle-clad  hills  stretching  from  Bar  in 
Chota  Udepur  to  Richbar  in  Bhamria.  Along  their  promin- 
ent ridges  run  the  boundaries  of  the  small  States  Narukot, 
Bhamria,  Chota  Udepur,  and  Devgad-Baria.  It  is  an  area 
of  quite  unusual  interest  and  contains  a  great  variety  of 
sub-metamorphic  rocks,  some  of  them  uncommon  and 
beautiful.  The  area  is  bounded  to  south  and  east  by 
granite,  intrusive  into  the  Archaean  schists. 

Blanford  has  described  the  grits  and  conglomerates  of 
Jaban.     His  Memoir  of  1869  makes  no  mention  of  lead 

workings,  but  Phillips'  "Treatise  on 
Ore  Deposits"  (1884),  mentions  that 
"  galena  occurs  in  Jubhan."  The  workings  were  appar- 
ently closed  in  1874.  Lead  also  occurs  at  Borkurida  in 
Chota  Udepur.  Jubhan  may  be  Jaban,  but  I  could  find 
no  trace  of  old  workings,  and  very  small  quantities  of 
galena  ;  it  may  improve  on  opening  up.  Unfortunately 
the  silver  content  is  low  and  the  gold  of  a  roughly-cleaned 

sample  containing  3  %  of  lead  came  to 
Gold.  ,  .  . 

■00007  o    only.      Small   quantities   of 

gold  occur  in  the  grit  itself. 

One  quartzite  is  spotted  throughout  with  little  specks 

of  pyrite  containing  traces  of  gold.     This  reminds  me  that 

the  gold  mines  of  Merionethshire  are  in  close  proximity 

to  rocks  (Harlech  grit)  of  very  similar  appearance  to  these 

"  Champaner  "  grits.     The  Harlech  grit,  with  its  big  cubes 

of  brassy  sulphide,  more  nearly  resembles  certain  gritty 

conglomerates  of  the  Singhbhum  district,  but  this  latter 

_  could  not  be  distinguished  from  Cham- 

Pyrite.  & 

paner    conglomerate   by   an   ordinary 
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inspection  of  hand  samples.  The  large  cubes  of  pyrite  com- 
mon at  Lotapahar  in  the  Singhbhum  district  are  seldom 
found  so  big  at  Jaban,  but  the  rock  itself  seems  identical. 
The  larger  inclusions  of  limestone  at  Lotapahar  are  burnt 
for  lime ;  around  Bhat  and  Jaban  they  seldom  exceed  a 
few  feet  in  diameter  ;  some  are  banded  with  grey  in  a  pleas- 
ing manner.  The  other  pebbles  and  boulders  in  the  gritty 
matrix  of  this  conglomerate  are  mostly  quartzite,  shale, 
schist,  hornstone,  granite  and  gneiss. 

The  rock  is  often  sericitic,  very  hard  and  tough,  and  the 
lines  of  fracture  pass  right  through  the  pebbles  as  though 
they  were  a  homogeneous  mass.  I  noticed  one  marble 
pebble  into  which  a  harder  pebble  of  quartzite  had  been 
forced.  Phyllite  pebbles  are  commonly  bent  around  harder 
ones  in  order  to  get  their  major  axes  parallel.  Sheared 
quartzite  pebbles  are  commonly  reconstructed  in  situ. 
Parts  of  the  rock  are  really  breccia,  the  components  being 
of  broken  materials.     These  contain  no  gold. 

One  set  of  quartz  veins  traversing  these  grits  and 
conglomerates  is  barren,  another  is  speckled  in  places  with 
galena. 

Close  to  one  of  these  is  a  small  dike  of  black  por- 
phyritic  dolerite.  Dr.  Hayden  kindly  had  the  dolerite  ex- 
amined under  the  microscope  and  found  plagioclase,  brown 
augite,  and  a  little  magnetite.  It  is  the  only  trap  rock  in 
the  neighbourhood  and  its  outcrop  is  very  small,  but  fresh, 
much  fresher  than  the  traps  of  Pavagarh.  I  conclude  it  is 
intrusive  into  the  "  Champaner  "  Dharwars,  but  it  does  not 
closely  resembles  any  of  the  Pavagarh  outcrops  9  miles 
away. 

Other  rocks  of  this  neighbourhood  are  quartzites, 
slates,  and  beds  containing  haematite.     Some  of  the  grits 
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are  akin  to  arkose  and  one,  according  to  a  test  by  Mr. 
C.  S.  Fawcitt,  contains  traces  of  tin. 

A  talcose  or  sericitic  tendency  is  rather  typical  among 
the  coarse  rocks,  whilst  small  black  dodecahedra  of  mag- 
netite are  found  in  the  sand  of  nalas  traversing  the  finer 
grained  rocks.  The  specularite  and  haematite-bearing  rocks 
(quartzite  and  shale)  lie  chiefly  to  the  south  of  the  Jaban 
road,  in  the  repellent  kuanch  jungles  of  Mahudi. 

Petrographically,  the  most  interesting  part  of  this 
retort-shaped  hilly  area  is  to  the  north,  around  Gandhra. 
Here  the  rocks  are  more  metamorphosed,  and  among  them 
a  prominent  one  is  limestone  containing  well- developed 
blades  of  grey  tremolite.  More  resistant  than  the  sub- 
crystalline  matrix  these  blades  stand  out  on  weathered 
surfaces  and  look  very  handsome,  particularly  in  a  rare 
example  near  Poili  where  the  matrix  is  rose-pink  and  the 
amphibole  delicate  green.  Among  the  grey  examples  are 
ridges  of  interlacing  tremolite  blades  from  which  all  the 
limestone  has  been  removed  for  several  inches,  resulting  in 
a  surface  of  the  most  intricate  carving. 

Other  rocks  near  the  Baria  border  show  layers  of 
actinolite  and  haematite  ;  also  tourmaline  and  zircon.  The 
former  occurs  also  as  a  schist  near  Dharia.  Between 
Dharia  and  Poili  the  rocks  are  mostly  quartzite,  slate,  and 
shale,  dipping  north  at  a  high  angle,  but  there  are  also  some 
more  striking  varieties,  for  example:  — 

(i)  Grey  dolomite  with  grey-black  needles  of  tremo- 
lite. 

(2)  Pale  mauve- white  talcose  or  sericitic  dolomite  with 

fibrous  pale  olive  crystals  of  silky  tremolite. 

(3)  Dark-grey  and  red  conglomerate,  hard  and  vitre- 

ous, the  quartz  pebbles  being  "gold-painted" 
with  fine  scalv  mica. 
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(4)  Red,  black,  and  green,  conglomerate  of  magnetite 

and  "  gilt  "  quartz. 

(5)  Deep  green  felted  hornblende-rock,  with  a  green 

satiny  lustre. 

(6)  Black  glistening  hornblende-rock. 

(7)  Grey  siliceous  limestone,  sparkling  with  discs  of 

grey  chlorite.  On  weathering  these  stand  out 
like  sequins.  This  rock  ranges  from  grey  to 
pale  silvery  in  colour.  Where  well  developed 
the  stony  matrix  shows  up  the  discoidal  chlorite 
effectively. 

(8)  Dark-grey  and  buff-yellow  crystalline  dolomite, 

with  a  thick  orange  and  red  weather-surface. 

(9)  Talc-rock,  with  deep  green  lustrous  scales. 

(10)  Actinolite-quartzite  with  talc  and  dolomite.    The 

actinolite  is  in  green  fibrous  blades,  the  quart- 
zite  is  white,  and  the  dolomite  crystals  yellow. 

(11)  Indurated  dark  resin-brown  quartzite,  sometimes 

with  pale  blotches  of  a  mineral  resembling 
sericite. 

(12)  Stony  dull  black  rock  (hornblende?)  with  micro- 

scopic sparkling  crystals  in  it.  Has  been 
mistaken  for  manganese-ore,  which  it  strongly 
resembles. 

(13)  Bright  red  hard  jaspideous  rock  with  bright  steely 

crystals  of  haematite.  Some  of  the  jasper  rocks 
on  the  ridge  resemble  those  of  Jobat. 

(14)  Quartzite,  deep   carmine,  containing   red   jasper 

spots  with  lustre  faces  apparently  due  to  pres- 
sure. 

(15)  Red,  purple,  and     green,  quartzite      containing 

specular  haematite,  jasper,  and  hornblende. 

(16)  Granular  white  and  red  quartzite,  with  the  surface 
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pitted  as  though  by  the  sharp  point  of  a  knife, 
the  pits  being  probably  the  marks  left  by  bright 
scales  of  specular  iron. 
The  scarp  itself  faces  north   and   consists  of  ripple- 
marked  granular  quartzite,  sometimes  mottled  purple  and 
white.     It  dips  very  steeply  to  north  and  stands  up  like  a 
wall. 

The  stream  draining  this  wild  country  with  the  curi- 
ous rocks,  falls  over  the  scarp  at  Poili 

Poili  waterfall.  .  „,.«,,  ™ 

into  Bana  State.  The  spot  is  an  im- 
pressive one,  for  the  tufa  deposited  from  the  drying  stream 
during  each  hot  weather,  is  naturally  most  liable  to  preci- 
pitation at  the  waterfall.  The  result  is  a  petrified 
waterfall,  a  showing  the  curtains,  ripples  and  corrugations 
of  a  waterfall  in  stone.  Canopies  of  tufa  hang  overhead, 
and  growths,  like  huge  stone  tortoises  have  formed  in  the 
dark  cavern  underneath.  They  have  the  curious  coralloid 
ripplings  and  bump}'  ridges  usual  to  thick  tufa-coats.  Great 
curtains  of  grassy  creepers  hang  from  the  dryer  edges,  and 
high  above  towers  a  crag  of  quartzite  reflecting  daylight 
into  the  chasm.  The  outer  side  is  barred  from  the  plains 
by  a  huge  mass  of  twisted  tufa,  long  ago  broken  off  from 
above  by  its  unsupported  weight  and  now  capped  by  a  gar- 
den of  jungle  growth.  It  is  difficult  during  the  day  weather 
to  form  any  idea  how  impressive  the  waterfall,  will  be  a 
few  months  later,  a  phenomenon  I  have  noticed  in  the  case 
of  many  Indian  waterfalls,  even  the  mighty  falls  of  Jog. 

This   point   forms   the   Baria-Chota   Udepur-Xarukot 
State  boundary,  from  which  we  debouch  into  the  plains. 

7.     The  Bakhrol  Plain. 
The  first  thing  to  notice  about  this  is  that  there  is  not 
a  flat  space  anywhere,  the  whole  country  from  the  Dharia- 
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Pani  scarp  to  the  granite  tors  to  northward,  being  one  con- 
fused mass  of  small  steep  hills  without  roads  of  any  sort.  It 
was  the  necessity  of  driving  into  a  corner  of  these  hills 
that  delayed  the  building  of  the  Pani  extension  of  the  light 
railway;  and  among  these  hills  the  traveller  journeying 
north  becomes  involved,  unless  he  keeps  along  the  river 
and  crosses  it  12  times.  Yet  from  the  Poili  scarp  or  from 
the  hills  at  Adepur  and  beyond  the  country  looks  like  a 
plain,  for  the  hills  are  all  small  and  of  about  one  height. 
From  Ambakhunt  they  suggest  as  the  waves  upon  which 
rides  the  great  battleship,  Pavagarh. 

This  part  of  the  country  is  but  little  metamorphosed. 
The  hills  are  of  soft  grey  or  buff  micaceous  shale. 

Workings  of  the  new  railway  cut  into  several  harder 
local  bands,  notably — 

(1)  a  greenish-grey  sort  of  marble  which  on  weather- 

ing acquires  a  soft  coat  of  loam.  This  crust  is 
often  several  inches  thick,  completely  disguis- 
ing the  real  nature  of  the  rock  inside.  In  my 
specimen  the  fresh  rock  is  seen  as  a  pale  sub- 
crystalline  limestone  lenticle  less  than  one 
inch  thick,  tying  like  a  single  almond  in  a  ginger 
cake.  The  surrounding  crust  of  decalcified  earth 
looks  like  porous  sandstone. 

(2)  A  rock  called  "  trap  "  by  the  contractors,  and  much 

disliked  by  them.  It  is  dark,  tough  calcareous 
shale,  and  probably  an  unaltered  form  of  the 
widespread  shales  which  form  the  surface  of 
the  country. 

(3)  Bands  and  veins  of  barren  white  quartz. 

(4)  Black    quartzite,    containing    a    little    copper    in 

quartz  veins.  The  foundations  of  the  railway 
bridge  at  Sarsuva  cut  into  this,  and  revealed  a 
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quartz-tourmaline  vein  carrying  "peacock  ore" 
(chalcopyrite)  and  flecks  of  molybdenite,  with 
traces  of  gold.  One  patch  contained  prisms  of 
green  tourmaline,  but  the  whole  occurrence  was 
very  local  and  the  ore  seemed  confined  to  that 
particular  kind  of  black  quartzite,  itself  a  nar- 
row belt  of  little  importance.  The  molyb- 
denite occurs  as  scales,  entangled  as  it  were, 
among  splashes  of  tourmaline  in  the  quartz. 


Fig  3. -Weathered  quartzite  on  Adepur  hill.     Baria. 


(5)  A  far  commoner  type  of  quartzite  associated  with 
these  shales  occurs  as  thin  beds  of  hard,  very 
tough,  white  to  dark-grey,  fine-grained  rock, 
spotted  and  mottled  with  dark  green  and 
brown,  caused  respectively  by  ill-defined  horn- 
blende and  garnet.  On  weathered  surfaces  the 
hornblende  is  seen  standing  out  as  knots  in  the 
quartz.  This  rock  is  one  of  the  causes  of  the 
very  uneven  ground  and  the  multitudinous 
little  hills,  upon  which  stand  the  huts  of  the 
Baria- Koli  cultivators. 


1919]  ROCKS    FROM    PAVAGARH   TO    DOHAD.  109 

The  shales  of  the  plain,  with  their  included  siliceous 
bands  have  little  in  common  with  any  Dharwar  rocks  I 
have  come  across,  either  among  the  Champaners  or  else- 
where. Their  dip  is  variable,  often  steep,  and  the  strike  is 
somewhat  north  of  west.  They  extend  only  to  Adepur, 
at  which  place  a  steep  narrow  hill  of  quartzite  reaches 
a  height  of  Soo  feet  and  overlooks  the  entire  plain.  The 
harder  beds  are  well  seen  here  and  seem  to  be  unusually 
developed.  The  knotty  weathering  is  still  in  evidence,  and 
the  tough  parallel  layers  containing  it  stand  out  as  shown 

in  fig.  3. 

8.  Granite. 

The  north  side  of  the  hill  at  Adepur  is  mostly  granite, 
and  may  perhaps  be  taken  as  the  northern  limit  of  the 
Champaner  beds  of  which  Blanford  wrote  that  they  ex- 
tended for  twenty  miles  east  of  Pavagarh  hill,  for  7  or  8 
miles  south  from  Champaner  and  to  a  considerable  but 
unknown  distance  to  the  north  (I.e.,  p.  203). 

Blanford  remarks  how  difficult  it  is  to  draw  a  line 
between  the  crystalline  series  and  the  Champaners,  and  I 
think  there  is  little  doubt  that  the  granite  tors  bounding 
the  Champaner  Dharwars  on  nearly  all  sides,  especially  on 
the  north,  are  granites  intrusive  into  both  the  metamorphic 
schists,  and  the  Champaner  Dharwars  their  less  metamor- 
phosed equivalents. 

The  lines  of  contact  of  the  intrusives  and  the  shales 
and  quartzites  of  the  plain  is  along  Jher  hill  and  the  valley 
running  from  Davadra  and  Boria  to  Ambakhut. 

The  Kharod  river  runs  along  this  valley  as  far  as  the 
Jher  hill  above  mentioned,  but  leaves  it  at  Kharod  and 
cutting  through  the  hill  across  the  strike  turns  abruptly 
back  to  Mol. 

Beyond  the  contact  valley  (northwards)  the  country 
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appears  to  be  entirely  granitic.  But  upon  digging,  the 
igneous  rock  is  found  to  be  intrusive  into  a  soft  much- 
rotted  felspar-biotite  schist.  This  schist  may  be  an  altered 
Dharwar,  which  only  shows  at  the  surface  when  wedged 
up  and  indurated  between  layers  of  granite.  It  is  per- 
meated with  stringers,  veins,  and  larger  masses  of  granite 
and  pegmatite  which  crop  out  through  the  thin  soil. 
Granitic  intrusions  also  penetrate  the  Dharwars  on  the 
south  side  of  this  contact  valley,  viz.  the  soft  shales  and 
harder  quartzite  of  the  plain. 

There  are  at  least  two  distinct  forms  of  granitic  rock ; 
firstly  the  true  granite  of  the  tors,  a  coarse  white  biotite- 
granite  with  porphyritic  felspar  resembling  Dartmoor 
granite,  and  secondly  the  much  smaller  masses  of  granite 
and  pegmatite  in  and  around  the  contact  valley. 

Assuming  they  are  genetically  connected  and  that 
both  are  intrusive  into  all  other  formations,  I  regard  the 
pegmatite  dikes  as  representing  the  latest  stages  of  in- 
trusion. 

As  regards  age,  their  intrusive  character  shows  that 
the  granitic  rocks  are  post-Dharwar.  Owing  to  the  inti- 
mate way  in  which  the  Dharwars  have  been  penetrated  by 
these  granites  and  pegmatites,  and  the  varying  degrees  of 
metamorphism  which  the  Dharwars  have  suffered,  I  have 
found  it  an  arbitrary  task  to  distinguish  in  map-colours 
between  crystalline,  metamorphic,  and  shaly  Dharwar, 
but  have  separated  the  "transition"  areas  from  the  gran- 
itic and  more  highly  crystalline  gneissic  schists. 

9.  Contact  Zone. 

The  portion  coloured  as  "Contact"  ma}r  appear  to 
encroach  upon  the  igneous  area,  but  small  pieces  of  hard 
grey  quartzite,  sometimes  mottled  green  and  brown,  like 
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the  quartzite  associated  with  the  Dhanvar  shales,  are  so 
numerous,  high  above  the  valley  on  both  sides,  that  I  con- 
clude the  Dhanvar  sediments  are  here  also  intermixed  with 
the  disturbing  intrusion. 

It  is  difficult  to  think  that  these  tourmaline-  and 
garnet-bearing  pegmatities  are  of  different  age  to  those  of 
the  Kodarma  mica  district,  though  the  granite  tors  certainly 
do  not  correspond  closely  with  the  Hazaribagh  "Dome 
Gneiss."  Where  then  should  the  line  of  schistose  and 
gneissic  Archaeans  (as  opposed  to  the  other,  less-altered, 
Dhanvar,  Archaean)  be  drawn  ?  The  sudden  change  of 
scenery  in  Dohad  Mahal  north  of  the  Baria  border  sug- 
gests a  geological  boundary  along  that  border.  The  ac- 
ceptance of  such  a  suggestion  would,  however,  imply  the 
existence  of  an  area  of  Archaean  crystalline  schists  inter- 
posed between  Warjhar  in  Ali  Rajpur  and  the  Dharwars  of 
Rambhapur  in  Jhabua,  which  is  most  unlikely,  if  scenery 
is  of  any  value  as  a  guide. 

In  the  Kharod  river  contact  zone  some  typical  contact 
minerals  are  developed. 

Tourmaline  is  always  present ;  sillimanite  is  not  uncom- 
mon in  thin  flat  uneven  layers  on  the  pegmatite,  like  the 
mace  around  a  nutmeg ;  andalusite  is  rare.  Little  brown 
garnets  are  common  in  the  pegmatite. 

In  the  contact  valley  the  schistose  argillaceous  rocks 
are  penetrated  by  thin  broken  quartz  lenses,  almost  verti- 
cal in  dip  and  striking  W.  20°  X.  The  quartz  is  coated 
with  secondary  muscovite  and  the  lenses  are  frequently  in- 
terrupted by  sudden  complete  breaks  not  altogether  easy 
to  account  for,  since  only  soft  shaly  earth  occupies  the 
break. 

The  quartz  lenses  (like  some  of  the  granite  sills  with  or 
near  them)  appear  to  have  forced  themselves  between  the 
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bedding  planes  of  the  shales  and  thus  look  like  dikes,  un- 
less the  appearance  be  due  to  subsequent  lateral  pressure 
bending  the  soft  shales  together  and  so  arching  them  over 

the  quartz.  The  most  interesting 
Wolfram  and  molyb-     mineral  in  thera  is  wolframite  :  scheel- 

denite. 

ite  is  very  rare  and  molybdenite  quite 
common  though  in  flakes  too  minute  to  be  readily  notice- 
able. Copper  compounds  stain  both  the  shale  and  the 
granite,  but  only  where  the  two  are  in  contact  with  each 
other  and  with  the  quartz.  Small  desultory  pockets  of 
chalcocite  occur  in  the  quartz,  and  rarely  apatite  is  asso- 
ciated with  it. 

Tourmaline  is  prevalent.  Gold  is  only  present  in 
minute  quantity  mainly  in  the  gozzan  portions  of  the 
quartz  lenses. 

In  this  region — Jher  and  Boria— the  shales  gradually 
become  schistose  gneisses.  In  Boria  and  Daudra  granite 
is  seen  penetrating  schist  and  quartzite.  The  latter  is  the 
compact  hornblende- spotted  sort  with  pink  and  green  dots 
as  before,  but  the  schist  has  lost  its  shaly  character.  Its 
sedimentary  origin  is  revealed  by  thin  layers  of  varying 
fineness  and  knottiness,  variations  from  sandy  shale  to 
biotite-garnet-schist  occurring  in  layers. 

At  Pali,  an  abrupt  hill  150  feet  high  results  from  a  re- 
sistant quartz  vein,  but  instead  of  being  enclosed  in  the 
usual  shale  or  schist  of  the  neighbourhood  this  one  is 
bounded  by  close-grained  sandstone  locally  used  for  honing 
and  resembling  the  Shivrajpur  and  Bamankua  types  11 
miles  away. 

A  ridge  running  in  the  usual  W.N.W.-E.S.E.  direction 
from  Velmahudi  tank  to  the  village  boundary,  is  due  to 
quartz  veins  in  schists.  These  schists  rather  resemble  those 
just  described,  but  are   quite  unlike  those  of   the  plain, 
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and  more  like  the  gneissic  schists  of  the  granite-pegmatite 
zone :  the  ridge  forms  in  fact  a  bounding  line  to  the  peg- 
matite country.  In  the  nala  below,  the  schist  is  plainly 
seen,  dipping  steeply  and  striking  somewhat  north  of 
west. 

Between  its  beds  run  veins  and  sills  of  granite.  Bio- 
tite  is  the  chief  mineral,  but  flattened  knots  and  blades  of 
a  pale  lustrous  mineral  rather  like  kyanite  are  prominent. 
Some  knots  are  opaque  and  pink  (altered  garnet?)  with 
specks  of  biotite  within  them. 

If  then  the  pegmatite-penetrated  gneissic  schist  is 
highly  metamorphosed  Dharwars,  these  intermediate  varie- 
ties of  schist  make  it  impossible  at  the  moment  to  draw 
an  exact  boundary. 

On  the  top  of  the  ridge  above  the  nala  there  are 
several  shallow  ringed  depressions,  in  shape  like  the  later 
forms  of  barrow  of  prehistoric  Europe,  the  disc-shaped 
tumuli.  Thinking  these  might  be  prehistoric  copper  pits, 
— nobody  in  the  neighbourhood  had  ever  noticed  them — 
I  opened  two,  one  through  the  lip  and  one  in  the  centre. 
For  18  feet,  only  loose  earth  with  copper- stained  quartz- 
debris  and  loose  gossan  was  found.  Below  this  came  soft 
sandy  schist,  undisturbed.  One  pit  contained  many  large 
granite  boulders.  There  is  no  tradition  of  iron-smelting, 
but  from  this  pit  came  the  only  manganese-ore  I  have 
ever  seen  hereabouts — just  a  few  small  lumps  of  siliceous 
manganese-ore  ("float  ore"). 

10.     Pegmatite  Zone. 

Just  north  of  the  contact  zone  is  the  zone  of  pegma- 
tite in  gneiss.  The  latter  is  always  quite  soft,  and  most 
of  its  felspar  is  powdery  and  kaolinised ;  it  is  exposed  only 
rarely  in  a  few  deep  nalas. 
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Except  for  the  teak  trees,  this  zone  is  strikingly  like 
the  Kodarma  Forest,  the  mica  district  of  Hazaribagh. 

Among  the  pegmatite  intrusions,  there  are  varieties, 
such  as  muscovite-quartz-rock,  graphic  aplite,  and  small 
patches  of  graphic  tourmaline-quartz-rock. 

Beryl  occurs  in  the  quartz  of  the  muscovite-quartz- 
pegmatite  ;  I  found  one  hexagonal  prism  15  inches  long, 
and  the  broken  surface  of  another  was  12"  x6".  The  crys- 
tals are  badly  rotted  and  seldom  transparent. 

The  muscovite  is  of  the  "ruby"  variety,  and  the 
locality  seemed  a  promising  one  for 
mica,  black-spotted  mica  being  absent. 
Unfortunately  the  muscovite-quartz-pegmatite  intrusions 
are  too  irregular  to  be  worth  following,  and  when  the  mica 
is  in  large  sheets  it  is  flawed  with  lines  of  crystal-markings, 
a  variety  sometimes  called  "  A  "  mica. 

Surface  workings  would  not  pay  with  such  uncertain 
irregular-running  pegmatite.  In  one  place  some  12  feet 
from  the  surface,  a  mass  of  quartz  was  unearthed,  plated 
over  with  most  curious  little  bosses  of  curved  muscovite, 
like  lamp  reflectors.  Some  were  like  fish  scales,  others  re- 
sembled the  tops  of  polished  silver  buttons.  In  the  same 
quartz  were  small  quantities  of  beryl,  apatite,  muscovite 
and  triplite. 

"Rose  quartz"  of  a  delicate  rose  pink  is  sporadic. 
The  apatite  is  either  pale-green,  deep-green,  or  blue,  usually 
the  former  colour. 

Triplite  was  found  in  3  places  only,  always  in  rough 
corroded   nodules,  from   the   size   and 
appearance  of  a  small  earthy  potato, 
up    to    lumps   too  heavy   to  lift.     Usually  a   dark   resin- 
brown,  it  has  paler  portions  containing  specks  of  pyrite, 
and  thin  outer  crusts  are  sometimes  greenish  or  red.     I 
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assume  that  the  proportions  of  iron  and  manganese  are 
less  in  the  pale  portions,  though  they  form  a  part  of  single 
nodules.  Even  the  pale  almost  flesh-coloured  triplite,  look- 
ing like  felspar,  still  retains  a  rough  fretted  black  coat, 
which  is  very  high  in  manganese,  I  should  say.  No 
uranium  has  been  detected  and  the  triplite  has  never  been 
found  deeper  than  a  few  feet  from  the  surface ;  never  once 
really  in  situ. 

Before  leaving  the  contact  zone,  mention  should  be 
made  of  the  remarkable  occurrence  at 
Ghod-Dungri,  Jothvad,  where  the  Jam- 
bughoda  granite  country  contains  a  single  hillock  of  man- 
ganiferous  minerals.  This  is  regarded  by  Dr.  Fermor  as  a 
case  where  some  of  the  manganese-bearing  Champaner 
rock  has  been  entangled  in  the  intrusive  granite  and 
caught  up  in  it.  The  resulting  minerals  are  unusual,  but 
the  rock  still  remains  of  an  igneous  type.  The  minerals 
developed  are  felspar,  pyroxenes,  garnets,  epidotes,  micas, 
and  braunite,  calcite,  scapolite,  zircon,  tourmaline,  sphene, 
abundant  apatite,  and  also,  I  think,  winchite,  the  bluish 
lilac  amphibole  discovered  by  Dr.  Fermor  at  Kajlidongri. 

A  full  description  of  Ghod  Dungri  is  given  in  Chapter 
XXX  of  Dr.  Fermor' s  notable  work  on  manganese,  "  Mem. 
Geol.  Surv.  India,"  Vol.  XXXVII,  part  IV. 

The  granite  outcrops  south  of  Rajgadh  around  Chela- 
vada  are  patched  with  xenoliths  in  a  way  that  here  also 
suggests  the  catching  up  and   absorption  of  older  rocks. 

The  granite  is  coarse  to  medium  white  biotite-granite 
and  the  majority  of  the  patches  are  also  composed  of 
quartz,  biotite,  and  2  felspars,  but  are  of  much  finer  grain. 

The  eastern  end  of  the  contact  zone  of  the  Kharod 
river  valley  and  round  Ambakhut — Galibili  shows  the 
granite  actually  in  shale.    A  common  but  striking  rock  found 
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near  the  contact  is  white  pegmatite-granite  coated  with 
biotite  found  in  rolls  like  bolsters  or  pillows  in  the  shale, 
which  is  locally  converted  into  biotite- schist.  The  pegma- 
tite has  its  chief  constituents  radiating  from  the  centre  of 
the  roll  to  this  crust  of  schist ;  mica  is  muscovite  in  radiat- 
ing plates ;  tourmaline  is  always  present  and  its  vivid 
black  rods  emphasize  this  structure. 

Where  the  intrusive  is  a  straight  flat  sheet  the  felspar 
and  mica  are  arranged  vertically  at  right  angles  to  the 
upper  and  lower  crust  of  biotite.  Eurite  speckled  with 
tourmaline  is  also  seen  in  some  of  these  contacts,  sharply 
differentiated  from  the  schist  and  granite  in  contact 
with  it. 

ii.     Granite  Country. 

The  granite  covers  a  very  large  area  and  where  not 
covered  by  thick  soil  gives  rise  to  a  clean  park-like  type 
of  country,  usually  rather  flat,  but  with  abrupt  tors, 
grouped  or  in  isolated  pairs,  rising  frequently  out  of  it. 

The  larger  masses  form  very  difficult  and  even  danger- 
ous country,  the  haunts  of  bear  and  panther.  I  know 
from  personal  experience  that  it  saves  time  to  go  a  very 
long  way  round  rather  then  become  involved  among  the 
unexpectedly  complicated  mazes  of  the  tors. 

The  granite  includes  many  handsome  varieties ;  red, 
pink-and-white  with  large  flesh-coloured  porphyritic  crys- 
tals ;  cream .  close-grained  aplite ;  rocks  that  would  form 
valuable  building  stones  if  favourably  situated  for  trade. 
These  are  mostly  in  Sagtala  mahal  of  Baria  State.  Many 
of  the  varieties  are  gneissic. 

12.     Schists  and  Gneisses. 

At  Dudhia  there  is  muscovite-quartz-pegmatite,  schorl, 
and  mica-rock  and  also  book-mica,  black  spotted. 
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Still  travelling  eastwards,  by  the  time  we  reach 
Dhanpur  mahal,  all  the  country  has  become  crystalline 
with  various  schists  in  the  lower  parts  and  high  hills  of 
gneiss,  granite,  gabbro,  amphibolite,  and  very  many  sub- 
types of  the  same. 

A  whole  museum  of  igneous  rocks  could  be  collected 
between  Sewania  and  Ratanmal;  but  to  speak  generally 
coarse-grained  felspathic  and  hornblendic  rocks  are  very 
common,  and  fine-grained  felsite  and  trap  very  rare. 

South  of  Dhanpur  the  Panem  river  runs  between  two 
mountainous  crystalline  masses,  and  they  can  be  well 
studied  in  the  nalas  that  cut  their  way  down  from  the 
Bhanpur  plateau  to  Panem  village.  Hornblende-schist 
predominates. 

A  curiously  pitted  quartz  is  common  about  Sagtala. 
It  is  honeycombed  with  cells,  or  with  spots  of  rust. 
Formerly  these  cells  were  occupied  by  hornblende,  which 
for  some  reason  has  been  completely  leached  out. 

Some  day,  when  these  crystallines  come  to  be  studied 
in  detail,  some  help  in  correlation  may  be  obtained  from 
a  band  of  serpentinous  marble,  a  white  and  oil-green 
crystalline  rock,  like  the  outcrops  found  in  Chhindwara, 
Palamau  and  other  districts. 

As  it  is  often  seen  along  a  line  W.X.W.-E.S.E.,  30  miles 
long,  from  Dudhia,  towards  Kaliakua,  Sewania,  south- 
east of  Ratanmal  and  beyond  Kathiwara,  it  ma}'  occupy  a 
definite  horizon.  At  Jab  a  graphitic  gneiss  is  found  very 
close  to  dolomitic  felspathic  marble,  the  same  marble 
probably.  With  the  graphite  is  a  yellow  powder  like 
sulphur,  being  some  decomposition  product.  The  Raj- 
putana  graphites  contain  the  same  substance.  Formerly 
this  Jab  graphite  was  dug  and  used  for  '  surma  '  (antimony) 
in  blackening  the  eyelids. 
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The  biotite  gneisses  at  Kaliakua  have  veins  of  horn- 
blende and  patches  of  pink  granite  and  aplite.  Much 
magnetite  and  some  sparse  corundum  crystals  lie  beneath 
Kaliakua  Tor. 

The  open  country  between  Sagtala  and  Baria  is  mostly 
of  hornblende  and  other  schists,  but  abrupt  granite  masses 
rise  out  of  it. 

The  Bhil  country  begins  at  Dhaupur  mahal,  hornblende 
schist  predominates  on  the  higher  parts  and  mica  schists 
in  the  plain. 

A  deep  gorge  leading  up  to  the  Jhabu  plateau  shows 
silvery  schist  handsomely  studded  with  fresh  red  garnets. 

A  high  quartzite  ridge,  capped  in  places  with  cretaceous 
sediments,  forms  the  Baria-Dohad  boundary  between  Kantu 
and  Bartanpara  and  beyond  it  is  an  abrupt  change  in  the 
country.  The  valley  under  this  ridge  at  Bhe  seems  to  run 
along  a  fault  line  north  of  which  the  jungle  ceases  and  the 
country  is  quite  open. 

Thence  towards  Dohad  is  a  high  plain  mostly  over 
1,200  feet  continually  interrupted  by  steep  little  quartz 
ridges  formed  by  barreu  white  quartz  lenses  too  resistant 
to  break  down  level  with  the  schists.  At  Garbara  the 
ridge  runs  north-east  and  south-west  in  a  shaley  schist. 
At  Panchwara  the  quartz  ridges  are  striking  north  and 
south  and  the  country  is  a  very  pure  fine-grained  quartzite. 

This  compact  quartzite,  rather  more  vitreous  and 
sometimes  less  pure,  forms  all  the  low  hills  in  the  south 
part  of  Dohad  and  the  same  kind  of  stone  forms  the  Baria 
boundary  ridge  and  the  long  snaky  lines  of  hills  shown  on 
the  survey  map  just  north  of  Panem  river  and  through 
Baria.  The  hills  rise  abruptly  out  of  the  Dharwars  of  which 
they  form  a  resistant  part  though  they  strongly  resemble 
certain  of  the  Vindhyan  quartzite  ranges. 
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They  are  frequently  broken,  twisted,  and  doubled  or 
trebled  by  parallel  ranges  separated  only  by  a  steep  narrow 
valley  due  probably  to  shaly  partings  now  upturned  and 
denuded.  Tributaries  of  the  Panem  make  a  point  of  run- 
ning through  the  quartzite  ridges  instead  of  round  or  along- 
side them. 

The  general  tendency  is  N.N.E.  but  they  twist  a  good 
deal.  At  Panehwara  in  Dohad,  the  quartzites  spread  out 
along  the  Khan  river,  and  have  a  compact  texture  and 
conchoidal  fracture. 

Between  Bartanpara  and  Nawanagar  they  are  up- 
turned and  the  river  breaks  obliquely  across  them. 

There  is  a  double  gorge  at  Edalwara,  with  some  bright 
blue  kyanite-quartz-rock  under  the  quartzite  ridge. 

The  uplands  of  Bhanpur-Warjhar  towards  Ali  Raj  pur 
State  in  Central  India  are  of  mica-schist  and  hornblende- 
schist  with  much  quartz.  Some  magnetite-schist,  and  some 
spessartite-quartz-rock  (gondite)  occurs  near  Malu.  Xear 
there  also  is  a  curious  form  of  quartz-vein  between  granite 
dikes ;  it  contains  chalcopyrite  and  traces  of  gold,  but 
minerals  of  commercial  value  are  very  scarce. 

The  Dhanpur  plains  below  also  consist  of  mica-, 
quartz-,  and  hornblende-schist. 

In  the  ravines  between  the  two  areas  hornblendic 
schists  and  amphibolites  are  common. 

From  Bhramkera  to  Dohad  the  country,  a  phyllite,  is 
sometimes  completely  altered  by  impregnation  with  calcium 
carbonate  derived  from  Cretaceous  coverings  of  Bagh  or 
Lameta  age. 

From  Dohad  towards  Ali  Rajpur,  the  British  (Bombay) 
territory  is  covered  mostly  by  Dharwar  schists  containing 
quartz  lenses,  and  by  the  fine-grained  Dharwar  quartzite 
already  described.     The  Central  India  territory  is  mostly 
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crystalline,  pinkish   gneiss    and  hornblende   schists  being 
common. 

At  Jobat  there  is  an  area  called  "  Bijawar"  by  Blan- 
ford,  but  later  on  ascribed  by  Bose  in  part  to  the  Upper  Yin- 
dhyan  and  in  part  to  the  metamorphics  '  ;  but  for  the  pur- 
poses of  my  own  rock  collection  it  is  labelled  Dhanvar, 
because  its  red  and  orange  jaspideous  rocks  seem  to  blend 
insensibly  into  altered  rocks  volcanic  aspect,  and  again  into 
a  hornblendic  rock,  associated  with  more  basic  types. 
Some  limestone  occurs  in  it  at  Jhiri  and  it  is  covered 
by  gritty  limestone  of  Bagh,  Lameta,  or  according  to 
Bose's  map,  Nimar  age.  The  jaspery  rock  at  Jobat  fort 
hardly  differs  from  that  mentioned  as  No.  13  (page  105) 
among  the  "Champaners"  on  the  Baria-Jambughoda 
border. 

13.     Cretaceous  Sediments. 

High  above  all  the  Baria  country,  occurring  only  on 
the  narrow  uneven  tops  of  the  highest  hills  of  crystalline 
schists  and  gneisses,  are  isolated  flat  caps  of  horizontal 
strata  strongly  suggestive  of  Lameta  beds. 

One   of    them,    Ratanmal,    comes    within    Blanford's 
area  (I.e.,  p.  208).     "  Outliers  upon  the 

Ratanmal. 

metamorphic  rocks    to    the   west    of 

"  the  trap  boundary  are,  on  the  other  hand,  rare.     One, 

"  however,  is  met  with  upon  the  top  of  Ruttunmal  hill  at 

"  a  considerable  distance  from  any  traps." 

As  he  remarks,  it  looks  like  a  Deccan  Trap  hill,  but  is 
actually  capped  by  Cretaceous  sandstone,  resting  upon  an 
uneven  base  of  granitoid  gneiss. 

I  was  struck  by  the  absence  of  any  trace  of  Deccan 
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Trap,  on  which  point  Blanford  says  (I.e.,  p.  322)  "  it  is 
"  strange,  if  it  ever  existed  there,  that  it  should  have  en- 
"  tirely  disappeared,  but  it  is  difficult  to  say  if  it  ever 
"existed.  This  occurrence  of  the  cretaceous  rocks,  at  so 
"much  greater  an  elevation  than  in  the  neighbouring 
"  country,  must  be  due  to  disturbance.  It  shows  that  the 
"  southerly  dip  is  not  confined  to  the  immediate  neigh- 
bourhood of  the  Xerbudda." 

He  mentions  also  that  trap  often  rests  direct  upon 
metamorphics.  Ratanmal  plateau  is  1,200  feet  above  the 
general  level  of  the  country.  Nothing  can  be  seen  from 
the  summit,  for  the  forest  ceases  only  at  its  very  edge,  so 
that  though  it  is  quite  flat,  grassy,  open,  and  cool  enough 
for  a  sanitarium,  there  is  no  feeling  of  being  always  upon 
the  brink  of  a  precipice.  The  main  plateau  is  three  miles 
by  J  mile,  but  two  or  three  much  smaller  peaks  survive 
around  it,  separated  from  it  by  the  dense  bamboo  jungle 
which  forms  the  chief  asset  of  Ratanmal.  The  Bhils  drag 
the  dressed  bamboos  in  great  bundles  right  down  the  steep 
slopes  to  Kanjeta  village,  by  which  time  the  glazed  green 
surface,  the  chief  beauty  of  the  wood,  is  completely 
scratched  off  and  destroyed. 

The  cretaceous  rock  is  a  gritty  sandstone  of  a  pale  livid 
purple  colour ;  there  is  also  finer  grained  sandstone  resem- 
bling volcanic  tuff,  and  pale  livid  pink  and  mauve  in 
colour. 

It  is  regrettable  that  so  many  of  the  Geological  Survey 
Records  and  Memoirs  are  out  of  print,  but  since  reading 
Bose's  Memoir,  XXI,  (1885),  I  find  a  confirmation  of  the 
idea  that  these  caps  are  Lameta,  in  his  mention  of  stratified 
volcanic  material  therein  and  his  statement  that  travelling 
westwards  from  his  area,  the  Lametas  were  found  to 
thicken  and  the  Bagh  beds  to  thin  out. 
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The  Nathkua  building-stone  quarry  under  Pavagarh 

did    not   seem   to  correspond  exactly 
Nathkua.  .  .  _.,.....  ,      , 

with  any  Bagh  division,  and  though 

the  trap  is  not  seen  resting  upon  it  the  upper  layer  is  in- 
durated. It  is  a  pale  lilac  quartz  grit,  rather  kaolinic,  and 
with  ferruginous  patches  and  some  agate.  The  lower  beds 
were  very  white,  made  up  of  coarse  quartz  grit  set  in  a 
sparse  white  matrix  like  kaolin.  No  other  mineral  was 
noticeable  except  a  few  minute  black  spots  like  tourmaline, 
too  small  to  be  indentified  without  a  microscope. 

White  quartz  conglomerate  is  also  present  as  we  know 
from  the  stone  in  the  walls,  and  from  Blanford's  mention 
of  Bhamaria. 

Around  Vav  south-west  of  Pavagarh  the  sandy  soil 
seems  to  suggest  that  this  Bagh  or  Lameta  outcrop  may 
be  more  extensive  than  apparent.  There  is  no  trace  of 
volcanic  material  here,  unless  the  dark  purple  patches  (sand 
with  ferruginous  coating)  are  derived  from  ejectamenta. 

A  few  miles  north  of  Ratanmal,    there   are   quite    a 

number  of  other  outliers  upon  the  meta- 
N.  of  Ratanmal.  ,  .  __ 

morphics.  Usually  mere  remnants,  the 
outlier  at  Jhabu  occupies  about  4  square  miles  of  plateau 
surface. 

The  heights  of  the  summits  occupied  decrease  north- 
wards. Thus  the  Ratanmal  group  average  2,100  feet.  A 
patch  capping  the  hills  north  of  Khalta  runs  to  1,745  feet 
(a  sharp  rise  of  800  feet  above  the  river  one  mile  distant), 
Jhabu  plateau  is  at  1,430  feet  and  Kanjhar  about  100  feet 
lower. 

The  small  patch  above  the  river  opposite  Khalta 
occupies  the  crest  of  a  great  mass  of  schists,  covered  with 
forest.  It  is  very  hard  pale  lilac  grit,  with  rounded  grains 
of  clear  glass}'  quartz  and  a  few  small  pebbles  of  quartz- 
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ite.  Small  traces  are  left  of  a  rock  that  was  apparently 
once  f ossiliferous ;  it  has  hollows  suggestive  of  shell- 
casts. 

Upon  the  Jhabu  plateau,  the  find  of  a  small  pebble, 
like  basalt,  led  me  to  discover  actual  Deccan  Trap  in  situ, 
four  miles  north-west  from  Jhabu  at  the  extreme  end  of 
the  plateau.  From  a  section  here  visible,  it  is  pretty  evi- 
dent that  the  trap  did  overlie  the  whole  country,  and 
looking  from  this  eminence  first  at  the  high  plateaux  of 
Khalta,  Ratanmal  and  distant  Pavagarh,  respectively  5,  10 
and  40  miles  away,  and  then  at  the  yawning  gorges  in  schis- 
tose rocks  underfoot,  the  prodigious  power  of  sub-aerial 
denudation  is  realised. 

This  is  the  nearest  patch  of  trap  there  is,  but  it  be- 
comes much  commoner  northwards ;  indeed,  the  next  Cre- 
taceous outlier  shows  only  a  narrow  outcrop  between  schist 
and  trap,  the  plateau  itself,  the  one  above  Kanjhar,  though 
not  looking  different  from  the  narrow-topped  plateaux 
already  discussed,  is  yet  found  upon  examination  to  be 
entirely  paved  with  basalt,  well  over  50  feet  thick:. 

It  is  strange  that  two  such  utterly  dissimilar  rocks 
should  give  rise  to  the  same  form  of  hill. 

Another  seven  miles  north  again,  and  the  trap  has  set 
in  properly,  as  can  be  seen  from  the  railway  train  in  the 
alternations  of  basalt  cuttings  and  quartz-strewn  schist 
valleys  along  the  line  between  Limkhera  and  Dohad. 

The  Jhabu  plateau  trap,  above  the  village  areas  Pau 

and  Sajoi,  is  fine-grained  black  basalt 
Jhabu  plateau.  ...      ,  ..  ,        ... 

with  clean  olive-green  porphyritic  crys- 
tals of  felspar,  like  the  Pavagarh  basalt  of  the  bridge-cliff 
flow. 

Some  of  it  splinters  readily  and  has  brown  palagonite 
markings ;   other  parts  are  strong  and  tough  with  a  fine 
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grain  and  sometimes  a  few  small  opaque  white  inclusions. 
Other  portions  are  stony  and  without  inclusions,  but  there 
are  hollow  bubbles  in  part  of  it  partly  filled  with  bright 
orange  crystals  reminding  one  of  chromic  acid. 

Jhabu  plateau  is  built  up  of  mica-quartz-,  and  garnet- 
schist,  dipping  at  various  angles.  Unconformably  on  these 
rest  the  horizontal  Cretaceous  beds,  their  base  being  some- 
times ironstone  Avith  limonitic  quartz  and  chalcedony. 

The  next  rock,  where  present,  is  a  striking  form  of 
limestone  breccia,  of  rich  brown  calcareous  grit  with  chalce- 
dony, in  a  matrix  of  pale  purple  gritty  limestone  also  con- 
taining chert  and  chalcedony.  This  outcrops  at  Jhabu 
village.  Above  it  is  pale  mottled  pihk-mauve  limestone- 
conglomerate  resembling  a  Lameta  bed.  It  is  very  cherty 
and  is  covered  up  by  mauve  and  pink-red  sandstone. 

These  beds  are  thin  and  irregular,  and  the  lowest  mem- 
ber is  often  a  cherty  limestone  resting  upon  the  schists. 

It  is  liable  to  sudden  replacements  by  conglomerate 
and  breccia,  the  bulk  of  the  material  being  fragmentary 
quartzite  from  the  hard  Dharwar  quartzite  ridges  already 
mentioned.  Large  masses  of  cellular  quartzite  also  seem 
to  have  been  broken  up  and  re-cemented  almost  in  situ  by 
the  limestone.  I  should  think  the  trap  had  indurated  and 
broken  up  some  of  the  quartzite  and  that  the  latter  had 
become  cemented  with  limestone  resulting  from  decom- 
position of  and  under  the  trap  itself.  Where  the  trap 
remnant  remains  it  has  about  10  feet  of  sandstone  beneath 
it,  red  to  purple,  with  ashy  variations.  Three  feet  or  so 
(very  variable)  of  quartz-conglomerate  peep  out  under  that 
and  the  actual  edge  of  the  scarp  is  a  solid  limestome  some 
20  feet  thick  in  places.  The  other  rock  scarps  are  steep 
slopes  but  the  limestone  scarp  is  from  3  to  12  feet  in 
height  and  vertical.     Usually  of  a  pink  or  purplish  tinge, 
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it  is  sometimes  mottled  purple  and  green,  underlain  by 
green  rocks  which  vary  from  a  schistose  bright  green  lime- 
stone to  a  chloritic-looking  schist. 

Under  that  is  ordinary  silvery  mica-schist,  so  that 
the  green  rocks  may  be  alteration  due  to  infiltration  pro- 
ducts from  the  formerly  overlying  trap. 

A  little  way  off  is  a  detached  peak  capped  with  yellow 
indurated  quartz  conglomerate  and  vitreous  quartz  sand- 
stone, which,  I  suppose,  was  hardened  by  direct  contact 
with  basalt.  The  greater  part  of  the  plateau  sandstone  is 
dark  red,  easily  weathering  to  red  sand.  The  internal 
layers  are  hard  and  gritty,  with  curious  lustre-sheens  seen 
only  at  certain  angles  in  bright  sunlight.  They  look  like 
cleaved  faces  of  large  calcite  crystals  built  into  the  body  of 
the  sandstone  without  any  displacement  of  the  sandgrains. 

There  are  many  wells  dug  into  this  sandstone  and  it 
is  a  remarkable  thing,  that  when  wells  of  the  plain  have 
dried  up  owing  to  drought,  there  is  still  water  on  the  high 
narrow  plateau.  The  wells  are  only  a  few  feet  deep  and 
though  each  one  has  only  a  few  inches  of  water  m  it  yet 
the  villagers  never  dig  deeper.  They  offer  no  explanation 
but  I  wonder  if  they  have  a  tradition  that  deep  wells  are 
always  dry  ?  For  I  suppose  if  their  wells  penetrated  the 
limestone,  the  water  would  run  away  through  the  schists 
down  to  the  waterless  plain.  There  is  a  distinct  improve- 
ment of  climate  on  these  plateaux  and  there  is  this  two  or 
three  inches  of  water  in  time  of  drought,  but  the  soil  is 
poor  and  sandy. 

I  think  the  quartzite  ridges  have  stood  out  as  crags 
in  the  Bagh  sea  or  Lameta  lakes,  some  eventually  being 
lightly  covered  and  others  receiving  the  hot  trap  directly 
on  top  of  them. 

To  the  east  of  Jhabu  plateau  and  separated  from  it 
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by  nalas  is  a  long  line  of  quartzite  ridges.  They  are  bare 
and  rocky,  but  the  high  State  boundary  ridge  already 
mentioned  has  a  few  patches  of  cherty  limestone  and  in- 
durated quartzite-breccia  upon  it,  1,590  feet  high  or  about 
150  feet  above  their  equivalents  on  the  plateau.  This  is 
the  one  exception  to  the  northward  decrease  in  height  of 
the  Cretaceous  outliers. 

Unless  we  suppose  a  fault  along  the  deep  Kanakua 
nala,  the  ridge  must  owe  its  great  height  to  the  compact  and 
tough  nature  of  the  quartzite,  and  as  sediments  can  hardly 
have  formed  upon  the  top  of  a  ridge,  the  quartzite  must 
have  been  broken  at  the  top  and  covered  up  by  the  Deccan 
Trap  after  the  latter  had  already  rilled  up  the  lower  country, 
and  left  the  ridge  standing  out  of  it.  This  would  imply 
that  the  breccia  was  formed  in  situ  from  ridge  material, 
with  chert,  chalcedony  and  lime  out  of  the  trap. 

There  are  other  occurrences  of  cherty  limestone,  cap- 
ping the  Dharwars  at  Juni  Rambhapur  near  Meghnagar 
and  at  Kajli  Dongri  in  Jhabua.  This  same  rock,  often  of 
a  pink  colour,  caps  cretaceous  limestone  at  Sejawara  (Ali 
Rajpur  boundary)  and  also  near  Dohad. 

The  red  sand  and  the  other  ferruginous  materials  at 
Jhabu  may  correspond  to  Bose's  Nimar  beds,  and  the 
brown  inclusions  in  the  gritty  limestone-breccia  of  Jhabu 
village  may  have  been  derived  from  Nimar  sandstone  - 
but  to  understand  this  plateau  properly,  a  previous  ac- 
quaintance with  the  country  eastward  is  necessary,  and  a 
geologist  from  the  outliers  of  Bagh  and  Kathiwara  might 
upon  arrival  at  Jhabu  be  able  to  interpret  the  succession 
with  ease. 

In  conclusion,  I  must  apologise  for  the  inconclusive 
nature  of  this  contribution,  due  to  the  fact  that  my  ob- 
servations were  usually  made  en  passant. 
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14.     List  of  Plates. 

Plate  4. — Plan  of  Pavagarh  hill. 

„       5. — The  two   ash  slopes,  with   rhyolite    caps  above 

and  basalt  cliff  below.     Pavagarh. 
„      6. — Map  of  the  area. 
„      7,     Fig.  1. — Parallel  lava  flows  seen  from  the  summit 

Temple.     Ash    slopes    in    foreground. 

Pavagarh. 
,,  ,,     2. — View  of  Pavagarh  hill  from  Sindwal. 

,,  „     3. — Heavy  un vaulted  stone  roofing  of  zeolite 

agglomerate. 


Discussion  on  Mr.  E.  H.  Roberton's  paper l 

"  Some  notes  on  the  manufacture  of 

fuel  briquettes." 

Mr.  G.  C.  Webster  (after  thanking  Mr.  Roberton  on 
behalf  of  the  Institute  for  his  very  interesting  and  instruc- 
tive paper): — In  regard  to  the  writer's  remarks  about  the 
margin  of  profit  on  p.  58,  from  a  commercial  point  of  view 
the  future  of  any  such  scheme  would  of  course  depend 
entirely  on  the  cost  of  production  and  the  market  for  the 
commodity.  My  experience  of  manufacturing  briquettes 
in  this  country  has  been  that  the  cost  of  production  was 
so  high  that  the  price  at  which  the  finished  article  could  be 
put  on  the  market  was  excessive :  the  reason  of  this  high 
cost  being  due  to  the  difficulty  of  finding  a  suitable  "  bind- 
er" at  a  reasonable  cost.  In  our  experiments,  which  were 
made  with  a  Yeadon  double  pressure  machine  in  which 
steam  was  injected  to  heat  the  mixture,  we  tried  coal  tar, 
a  crude  oil  of  greasy  consistency  and  sawdust.  It  must, 
however,  be  admitted  that  the  cost  was  affected  by  the 
fact  that  the  total  coal  output  found  a  very  ready  market 
and  was  always  loaded  "  through  and  through."  There 
would  be  a  large  future  for  Mr.  Roberton's  scheme  if  it  is 
found  possible  to  briquette,  at  a  reasonable  figure,  non-cok- 
ing slack  of  the  second  class  coals,  and  any  experiment  with 
these  briquettes,  especially  if  the  quality  could  be  improved 

1   Published  in  Trans.,  Vol.  XIII,  Pt.  i. 
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by  mixing  with  the  slack  a  certain  proportion  of  better 
class  slack,  would  be  most  instructive. 

The  high  moisture  of  many  of  the  coals  in  Bengal 
would  be  ruinous  to  briquettes  unless  these  were  manufac- 
tured under  a  very  high  temperature.  Another  drawback 
to  the  scheme  commercially  is  the  fact  that  the  future  is 
bound  to  see  a  very  much  larger  demand  for  slack  of  all 
kinds  than  has  been  the  case  in  the  past  in  India. 

Mr.  R.  R.  Simpson  : — Mr.  Roberton  is  perhaps  un- 
aware that  the  whole  of  the  output  of  the  Khost  collieries 
in  Baluchistan  is  briquetted  for  use  in  the  North- Western 
Railway.  The  mixture  contains  something  like  8  %  of 
pitch,  and  the  cost  is  high.  Some  years  ago  in  the  Jammu 
(Kashmir)  coalfield,  where  the  coal  is  very  friable,  I  made 
a  number  of  briquettes  with  lime,  mustard-oil  cake,  meal, 
starch,  and  tar,  but  not  being  able  to  exert  any  pressure 
the  briquettes  were  too  soft.  Satisfactory  briquettes  were 
made  with  Jammu  coal  and  6  °0  of  pitch  at  the  North- 
western Railway  Company's  briquette  factory  near  Dandot 
(Punjab).  A  number  of  crushing  tests  of  these  briquettes 
was  made  at  the  Civil  Engineering  College,  Sibpur.  Some 
of  the  results  were  : — 


3%  "mah  "  meal. . 

5%  wheat  flour     . . 

6%  pitch 

Dandot  briquettes  (8%  pitch 

Welsh  „        (io°„      „ 


Bond.  Pressure  in  lbs.  per  sq.  in.    at 

which  briquette  broke  down. 
162 
226 

244 "»  Machine-made       at 
163  J      Dandot. 
1,653 


The  shape  of  the  ovoid  briquette  is  suitable  for  domes- 
tic purposes,  but  the  rectangular  form  appeared  to  be  pre- 
ferred for  steam  raising. 

I  should  like  to  ask  Mr.  Roberton  if  he  has  made  any 
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experiments  as  to  the  strength  of  the  coke  briquettes  ex- 
hibited. 

Mr.  Roberton  : — I  have  not  yet  tested  the  strength  of 
an}'  of  them,  but  intend  to  do  so  in  my  extended  experi- 
ments, and  to  compare  their  strength  with  that  of  first- 
class  coke.  Without  such  tests  the  experiments  would,  of 
course,  be  of  little  use. 

The  Welsh  briquettes  exhibited  on  the  table  were 
accepted  by  the  Admiralty,  and  must  therefore  have  passed 
the  Government  standard.  The  coal  was  not  dried  before 
briquetting. 

The  discussion  on  the  paper  was  postponed. 


Visit  to  Jogta  Colliery,  Sijua,  Manbhum, 

on  Monday,  11th  November,  1918. 

An  excursion  meeting  was  held  at  Jogta  Colliery  on 
the  nth  November,  1918,  for  the  purpose  of  inspecting  the 
arrangements  for  hydraulic  earth  stowage  in  operation 
there.     The  following  were  present : — 

Messrs.  A.  A.  Agabeg,  Chas.  E.  Ashcroft.  P.  H.  Ashcroft.  W.  H. 
Bennett,  N.  G.  Chatterjee.  D.  Davies.  J.  L.  Dholakia,  L.  S.  Dholakia, 
R.  L.  Frizoui,  H.  G.  Graves,  G.  C.  Lathbury,  G.  C.  Leach.  C.  H.  McCale, 
A.  H.  M.  Paton,  and  E.  H.  Roberton  —  Members. 

Messrs.  I.  P.  Akone.  A.  Dawes  Robinson.  R.  H.  Squire,  and  F.  N. 
Turner — Visitors. 

The  party  arrived  at  the  mine  at  10  a.m.,  and  were  taken 
round  by  Mr.  A.  A.  Agabeg  and  his  staff.  They  first  proceed- 
ed to  the  mouth  of  the  quarry,  where  the  water-lead  and  the 
arrangements  for  mixing  were  located,  and  afterwards  des- 
cended the  mine,  seeing  the  packing  in  situ.  The  mixture 
which  gravitates  down  the  incline  (about  1  in  5)  contains 
/ty/about  d  %  of  solid  matter  the  rest  being  water.  A  portion 
^  of  the  mine,  bounded  by  stoppings,  was  in  process  of  being 
hydraulically  stowed,  while  another  portion  which  was 
dry-stowed  by  hand  was  also  inspected.  After  the  meet- 
ing a  vote  of  thanks  to  Mr.  Agabeg  and  the  colliery 
staff  was  proposed  by  Mr.  H.  G.  Graves,  and  cordially 
acclaimed. 

The  following  description  of  the  method  of  hydraulic 
stowing  at  Jogta  Colliery  has  been  furnished  by  Mr. 
W.  R.  Lascelles :— 
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It  must  be  clearly  understood  that  to  a  large  extent 
the  hydraulic  stowing  at  Jogta  Colliery  is  experimental. 

The  need  of  some  sort  of  stowing  in  a  small  area  of  the 
old  workings  at  this  colliery  had  been  apparent  for  some 
time,  as  the  pillars  were  small  and  the  roads  wide  ;  and  as 
almost  invariably  occurs  in  14  seam,  the  action  of  the  air  on 
the  sides  of  the  pillars  was,  owing  to  the  weathering  effect, 
gradually  causing  coal  to  fall,  with  the  result  that  eventu- 
ally the  area  in  question  would  have  become  dangerous. 

In  addition  to  this  we  were  anxious  to  work  13  seam, 
which  is  only  some  10  feet  below  14  seam  ;  and  to  attempt 
to  work  this  coal  without  some  very  efficient  packing  in  14 
seam  was  merely  asking  for  trouble. 

The  method  of  packing  by  hand  with  material  carried 
down  in  tubs  was  too  slow  and  tedious  to  be  seriously  con- 
sidered and  some  better  means  had  to  be  devised.  The 
use  of  bore- holes  was  considered,  but  this  proposal  was 
rejected  for  two  reasons,  firstly  that  we  should  gain  no  .ex- 
perience, and  secondly  because  of  the  difficulty  of  getting 
the  boring  machinery. 

With  this  object  in  view  I  made  a  series  of  experi- 
ments with  various  kinds  of  earth  and  water,  ashes  and 
water,  and  mixtures  of  earth  and  ashes  with  water,  early  in 
the  year  1915  and  again  at  the  end  of  the  rains  of  the  same 
year. 

These  experiments  proved  that  ashes  without  earth 
were  useless  as  a  very  large  flow  of  water  was  required  to 
carry  these  down  even  for  a  small  distance.  But  ashes 
with  a  small  percentage  of  red  loamy  earth  (similar  to  that 
usually  used  in  this  country  for  brick  making)  travelled 
well  and  did  not  require  an  excessive  slope.  Later  on  I 
found  that  it  was  necessary  to  restrict  the  width  of  the 
flow  but  not  the  depth. 


1919.]  VISIT   TO   JOGTA    COLLIERY.   SIJUA.  133 

It  has  been  found  that  a  nullah  about  15"  wide  and 
2'  deep  gives  the  best  results,  and  if  the  nullah  is  wider 
than  this  the  stowing  is  apt  to  jam.  Water  is  supplied 
by  a  2"  pipe  and  the  red  earth  mixed  with  the  water 
to  the  consistency  of  thin  soup ;  this  mixture  forms  the 
necessary  lubricant,  and  into  the  stream  the  ashes  and 
small  stuff  are  placed  and  after  that  the  large  stones  and 
lumps  of  earth  can  be  put  in. 

After  the  preliminary  experiments  had  been  made,  the 
first  operation  was  to  build  a  number  of  stoppings  across 
the  dip  roads,  good  enough  to  retain  the  stowing,  but  con- 
structed so  as  to  allow  the  water  to  percolate  through. 

These  stoppings  were  built  of  good  bricks  two  feet 
thick  well  cut  into  the  pillars  and  arched  forward  towards 
the  weight  of  the  stowing. 

When  these  were  completed  the  work  of  stowing  was 
begun  in  earnest. 

During  the  earlier  part  of  the  operations  work  was 
only  done  during  the  rains,  as  at  that  time  it  was  thought 
that  a  large  quantity  of  water  would  be  required. 

Latterly  however  we  found  that  water  supplied  from 
a  2"  pipe  full  bore  was  quite  sufficient  when  properly  used 
and  when  the  red  lubricating  earth  is  well  mixed. 

Under  these  favourable  conditions  the  percentage  of 
water  used  is  very  small,  certainly  not  exceeding  S  %.  It 
was  found  possible  to  put  down  as  much  as  100  to  120 
tons  of  stowing  per  hour  with  the  water  from  a  2"  pipe. 

When  a  nullah  is  new  very  unsatisfactory  results  are 
obtained,  but  after  it  has  been  used  a  few  days  the  floor 
and  sides  become  so  well  polished  that  the  stowing  slips 
down  without  any  trouble.  The  angle  of  rest  is  a  subject 
that  one  frequently  hears  discussed.  With  stowing  of  this 
sort  the  angle  of  rest  must  of  course  be  variable,  since,  after 
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leaving  the  nullah,  it  is  obvious  that  the  heavier  particles 
will  settle  first.  Consequently  the  contour  lies  in  the  shape 
of  a  flat  hyperbolic  curve,  and  the  finer  and  lighter  par- 
ticles travel  furthest  in  and  lie  practically  level. 

One  very  great  advantage  of  this  class  of  stowing, 
which  must  be  obvious  to  any  person  who  has  inspected  it, 
is  the  fact  that  the  amount  of  water  used  is  so  small  that 
it  does  not  affect  the  pumping  plant.  Even  after  stowing 
has  been  continued  regularly  for  several  weeks  the  flow  of 
water  from  the  back  of  the  stoppings  is  so  small  as  to  be 
with  difficulty  seen  with  a  strong  light. 

That  portion  of  the  stowing  which  is  already  dry  has 
set  extremely  hard,  and  I  feel  confident  that  after  the 
stowing  is  completed  the  whole  of  the  coal  in  the  stowed 
area  will  be  extracted  without  the  use  of  any  timber. 

In  our  case  the  great  difficulty  is  the  shortage  of  stow- 
ing material,  particularly  the  red  earth  used  as  lubricant. 

Although  my  account  is  necessarily  short  it  may  help 
those  who  actually  saw  the  process  and  may  be  interesting 
to  them,  as  I  think  I  am  right  in  saying  that  this  is  the 
first  serious  attempt  in  this  country  to  carry  out  any  ex- 
tensive hydraulic  stowing. 

It  is  almost  impossible  to  enter  very  deeply  in  the 
question  of  cost  of  stowing  as  circumstances  would  vary 
the  cost  enormously.  Almost  the  whole  of  the  cost  is 
taken  up  in  bringing  the  material  to  the  required  spot,  and 
the  actual  cost  of  putting  it  down  is  very  small  indeed. 
Suffice  it  to  say  that  ten  men  working  for  3  hours  have 
frequently  put  down  300  tons  or  more. 

Taking  an  average  price  of  eight  annas  per  man  this 
works  out  for  half  a  day  at  135  of  an  anna  per  ton  of  stow- 
ing; to  this  cost  must  be  added  any  expense  involved  in 
bringing  the  material  to  the  required  site. 
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I  have  no  doubt  whatever  that  if  a  colliery  has  a  large 
stock  of  boiler  ashes  and  the  necessary  red  earth  it  could 
be  used  very  cheaply  and  very  satisfactorily  for  stowing, 
and  I  am  of  opinion  that  much  may  be  done  in  this  way 
by  stowing  under  railway  sidings  and  thereby  winning 
coal  which  would  otherwise  be  lost. 
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Annual  Meeting. 

The  thirteenth  Annual  Meeting  of  the  Mining  and 
Geological  Institute  of  India  was  held  on  Friday,  the  31st 
January,  1919,  at  n  a.m.,  in  the  Lecture  Room  of  the 
Asiatic  Society  of  Bengal,  1,  Park  Street,  Calcutta. 

In  the  absence  of  the  President,  Lt.-Col.  Cunningham 
Hughes,  Dr.  L.  Leigh  Fermor,  Vice-President  of  the  Insti- 
tute, took  the  chair.     The  following  were  present : — 

Messrs.  G.  F.  Adams,  C.  T.  Ambler,  P.  H.  Ashcroft.  J.  Brown, 
C.  B.  Chartres,  L.  M.  Chaudhuri,  N.  M.  Chaudhuri,  B.  C.  De,  A.  V. 
Ethi  Raj,  S.  G.  L.  Eustace,  Tom  S.  Gibson,  H.  H.  Hayden,  B.  Heaton, 
J.  Hunter.  Jhaverilal  K.  Dholakia,  J.  Kirkwood,  H.  Lancaster,  G.  C. 
Lathbury,  C.  H.  McCale,  J.  Mackie,  Jas.  Mackintosh,  G.  W.  Marshall. 
N.  N.  Mukherjee.  J.  H.  Pattinson.  H.  C.  Read,  H.  H.  Reynolds,  E.  H. 
Roberton,  Thos.  Samson,  R.  R.  Simpson.  J.  Thomas  J.  B.  Wardlaw, 
and  G.  C.  Webster — Members. 

Messrs.  Ralph  Fenwick.  K.  K.  Hazra  Chaudhuri,  J.  T.  Mackenzie. 
Mugatram  Nagar,  R.  I.  Treharne  Rees,  Chas.  E.  Simmonds  and  F.  N. 
Turner — Visitors. 

After  reading  a  letter  of  regret  from  Lt.-Col.  Cunning- 
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ham  Hughes  expressing  his  inability  to  be  present,  the 
Vice-President  appointed  Messrs.  Mackintosh  and  Marshall 
scrutineers  of  the  voting  papers  for  Officers  and  Council  for 
the  year  1919.  The  Honorary  Secretary,  Mr.  Roberton, 
read  the  minutes  of  the  last  Annual  Meeting  held  in  Cal- 
cutta, on  the  25th  January,  1918,  which  were  passed  and 
adopted. 

The  Honorary  Secretary  then  read  the  following  report 
of  the  Council  for  the  year  1918: 

REPORT   OF  COUNCIL. 

The  Council  have  the  honour  to  present  the  thirteenth 
Annual  Report  on  the  working  of  the  Mining  and  Geologi- 
cal Institute  of  India. 

2.  For  the  four  years  preceding  191 8  the  membership 
was  on  the  decrease,  the  total  number  of  members  being 
308  in  1913  as  against  257  in  1917.  There  has  been 
an  increase  of  membership  this  year,  the  total  number  at 
the  end  of  the  year  being  278.  The  increase  is  mainly  in 
the  case  of  Associate  Members,  their  present  strength 
being  30  as  against  13  last  year.  The  additions  to  the 
register  and  the  losses  by  resignations,  deaths,  etc.,  for 
the  past  five  years  are  shown  in  the  following  table  : — 

1914  1915  1976  1917  1918 

Additions                  . .       4  9  10  9  27 

Losses     . .                  . .      20  21  25  13  6 

Gain       . .                 ....  . .  . .  . .  21 

Loss       . .                 . .     16  12  15  4 

The  following  table  gives  the  number  of  members 
during  the  last  five  years  ; — 

1914        1915        1916       1917  191S 

Ordinary  Members   . .    233           221           205           201  205 

Associate  Members  . .     14            14            13            13  30 
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1914 

i9x5 

1916 

1917 

1918 

Associates 

9 

6 

6 

5 

5 

Honorary  Members. 

.     10* 

10* 

10* 

12* 

12" 

Subscribers 

•     2.5 

25 

27 

26 

26 

3.     The  following  members  were  elected  during  the 


year  : — 

1.  Bennett.  William  Henry. 

2.  Foster,  Frederick  Boswall 

3.  Hogg,  James  Sneddon 


4.  Lyon,  Horace  Albert 


5.  Marshall,  George  Ward 


6.  McGee,  Henry  Joseph 

7.  Murray,  James 

8.  Phelps,  James  Ernest 


Ordinary  Members. 

Mining  Engineer.  Kankanee  Colliery, 
Bansjora,  Manbhum. 

Mining  Engineer.  Certificated  Colliery 
Manager.  Jamadoba,  Manbhum. 

Holder  of  2nd  Class  Mine  Managers' 
Certificate  of  Competency  under 
British  Coal  Mines  Act,  and  of 
Rescue  Certificate  (Howe  Bridge). 
Mine  Surveyor.  Hapjam  Parbat 
Coal  and  Tea  Estates,  Xamrup  P.O., 
Assam. 

Mining  Engineer.  Holder  of  1st  Class 
Mine  Managers'  Certificate  of  Com- 
petency. Kongon  P.O.,  via  Xazira. 
Assam. 

Chemical  Engineer.  Certificated  Gas 
Works  Manager.  Manager  of  the 
East  Indian  Railway  Company's 
Bye-Product  Coke  Plant.  Giridih, 
Hazaribagh. 

Engineer.  Co  Messrs.  T.  R.  Pratt  & 
Co.,  Calcutta. 

Mining  Engineer.  Certificated  Colliery 
Manager,  Kustore,  Manbhum. 

Mining  Engineer.  1st  Class  Home 
Office  Certificate.  Honour's  Medal- 
list in  Mining  (B.  of  E.).  Jealgora, 
Jamadoba,  Manbhum. 


*  Includes  ex-officio  Honorary  Members. 
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9.  Sparks,  Herbert  Joseph 


10.  Thomas,  Joshua 


Mining  Engineer.  Manager,  Messrs. 
F.  F.  Chrestien  &  Co.,  Domchanch, 
via  Kodarma,  E.I.R. 

Mining  Engineer.  F.G.S.,  A.M.I  M.M. 
Diploma  holder  in  Mining  and  Metal- 
lurgy, and  1st  Class  with  distinc- 
tions in  Economic  Geology,  Univer- 
sity College,  Cardiff.  Certificated 
Collier}-  Manager.  Kusunda.  Man- 
bhum. 


1.  Baksi,  Kali  Krishna 


Associate   Members 
..      B.A.    (Cal.). 


2.  Banerjee,  Nirmal  Chandra 


3.  Chatterjee,  Nritya  Gopal . . 


4.  Das,  Dhirendra  Nath 


5.  De,  Bhagabati  Charan 


6.  De  Sousa.  Frank 


Ethi  Raj,  Akula  Varathiraj 


Passed  I.E.  from  C.E. 
College,  Sibpur.  Surveyor.  Nandi 
Collier}7,  Nandi  P.O.,  via  Raniganj, 
Burdwan. 
Diploma  in  Mining,  L.E.  College,  Sib- 
pur, 2nd  Assistant  to  the  Professor 
of  Mining  Engineering,  C.E.  College. 
Sibpur.  39,  Khettra  Banerji's  Lane, 
Sibpur,  Howrah. 

.Student,    Mining     Department,    C.E. 

College,   Sibpur.     3.   Gossain  Lane. 

Bagbazar.  Calcutta. 
Student.    Mining    Department.     C.E. 

College.  Sibpur.     "  Provat  Asram," 

Carstair's   Town,   Deoghar.  Sonthal 

Perganahs. 
Student.     Mining    Department.    C.E. 

College.  Sibpur. 

Holder  of  2nd  Class  Colliery  Managers' 
Certificate  of  Competency  under 
Indian  Coal  Mines  Act.  Chowrassie 
Colliery.  Dishergarh.  via  Sitaram- 
pur.  Burdwan 

Student.  Mining  Department  C.E. 
College.  Sibpur. 
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8.  Ghatak,  Tara  Sankar 


9.  Hyde,      George      William 
Albert 


10.   Judge,  Peter 


11.  Labhshanker  S.  Dholakia 

12.  Mucadum,  Rastamji  Ardesir 

13.  Mukherji,  Shibram 

14.  Roy  Lahiri,  Narendra  Nath 


15.   Roy,  Jnanendra  Nath 


16.  Sen,  Hemanta  Kumar 


17.  Sheehan,  Frederick  George 


Holder  of  2nd  Class  Colliery  Manager's 
Certificate  of  Competency  under 
Indian  Coal  Mines  Act.  Manager. 
Nodiha  Colliery.  Dishergarh.  via 
Sitarampur,  Burdwan. 

Mechanical  and  Mining  Engineer. 
Diploma  holder  in  Mining.  C.E. 
College,  Sibpur.  Holder  of  2nd 
Class  Certificate  of  Competency  in 
Mining.  Actg.  Manager.  Rajhara 
Colliery.  Rajhara,  Palamau. 

Holder  of  2nd  Class  Colliery  Managers' 
Certificate    of     Competency    under 
British  Coal  Mines  Act.     Asst.  Col- 
liery Manager.  Singareni    Collieries 
Deccan. 

Assistant,  Joyrampur  Colliery,  c  o 
The  Joyrampur  Coal  Co..  Jharia. 
Manbhum. 

Owner  and  Sole  Proprietor.  Chanda 
Colliery.  Bhujudih.  B.N.Ry. 

Mining  Student.  Underground  Assis- 
tant, Fatka  Colliery.  Nirshachetty 
P.O.,  Manbhum. 

Formerly  Assistant  Manager  of  Jatne- 
hari  Colliery,  and  Manager  of  Nona 
danga  Colliery.    Passed  two  examin- 
ations in  Mining  held  by  the  Mining 
Educational  Advisory  Board. 

Mining  Student.  Underground  Assis- 
tant, Fatka  Colliery,  Nirshachetty 
P.O.,  Manbhum. 

A.M.I.M.E.  Diploma  holder  in  Mining, 
C.E.  College,  Sibpur.  1st  Assistant 
to  the  Professor  of  Mining  Engineer- 
ing, C.E.  College,  Sibpur. 

Diploma  holder  in  Mining.  C.E. 
College.  Sibpur.  Mining  Assistant. 
Victoria  Colliery.  Kulti.  E.I.R. 
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4.  Five  members  have  resigned : — Messrs.  N.  D.  Daru, 
S.  Kirk,  B.  F.  Maerorie,  R.  Purdy,  and  R.  Mellon.  The 
Council  have  to  note  with  regret  also  the  death  of  F.  L. 
Shirley,  which  occurred  while  serving  at  the  front. 

5.  Meetings  of  the  Institute  were  held  as  follows  : — 
Annual  General  Meeting.  Calcutta,  25th  January.  1918. 
First  Ordinary  General  Meeting.  Asansol,  iSth  Feb.,  1918. 
Second     ,.             ,,             „  Kusunda,  1st  April,  1918. 
Third        .,             „             ,.            Jharia.  8th  July.  1918. 

Fourth      ,.  ,,  ,.  Jogta,  nth  November.  1918. 

The  first  and  third  Ordinary  General  Meetings  were 
held  for  the  reading  and  discussion  of  papers.  The  Presi- 
dential Address,  which  was  delivered  in  former  years  at  the 
Annual  Meeting,  was  this  year  given  at  the  First  Ordinary 
General  Meeting.  The  second  Ordinary  General  Meeting 
was  held  in  Kusunda,  by  the  kind  invitation  of  the  East 
Indian  Coal  Co.,  Ld.,  when  members  visited  the  Kendwadih 
Power  House  and  Workshop  and  inspected  the  surface 
plant  and  underground  pumping  arrangements  at  the 
South  Bulliaree  Colliery.  At  the  fourth  Ordinary  General 
Meeting,  an  excursion  was  arranged  to  inspect  the  hydrau- 
lic earth-stowing  in  operation  at  the  Jogta  Colliery  of 
Messrs.  Agabeg  Brothers. 

6.  The  following  papers  were  either  read  or  dis- 
cussed : — 

(<?)   Preliminary  note  on  the  burning  of  coal  seams  at  the  out- 
crop.    By  Dr.  L.  L,.  Fermor. 

(b)  Report  on  mining  education  in  England  with  special  refer- 

ence to  India.     By  Messrs.  G.  F.  Adams,  E.  H.  Roberton 
and  Glen  George. 

(c)  Housing  of  labour  and  sanitation  at    mines    in    India.     By 

J.  Henry  Evans. 

(d)  Some  preliminary  considerations  in  hydraulic  stowing,  with 

a  note  particularly  relating  to  the  coalfields  of  Bihar.     Bj' 
C.  A.  John  Hendry. 
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(e)  Notes  on  rocks  from  Pavagarh   to    Dohad      By    Edwin  J. 

Beer. 
(/)  Some  notes  on  the  manufacture  of  fuel  briquettes.     By  E.  H. 

Roberton. 

The  following  papers  have  also  been  received  and 
accepted  for  publication  in  the  Transactions  : — 

(a)  Notes  regarding  proposed  sand  packing  at  Ramnagar.     By 

C.  A.  John  Hendry. 

(b)  Welding  pit  guide  ropes,  and  some  methods  of  welding.     By 

C.  H.  McCale. 

7.  Four  parts  of  the  Transactions  have  been  pub- 
lished, forming  Part  3  of  Vol.  XI,  Parts  1  and  2  of  Vol.  XII, 
and  Part  1  of  Vol.  XIII.  Vol.  XI,  Part  3  was  issued  to 
members  on  January  22nd  ;  Vol  XII,  Part  1,  on  April  10th  ; 
Vol.  XII,  Part  2,  on  July  4th  ;  and  Vol.  XIII,  Part  1,  on 
December  5th,  1918. 

8.  Seven  Council  Meetings  were  held  during  the  year 
for  the  election  of  members  and  transaction  of  the  current 
business  of  the  Institute. 

9.  Jharia  Map  Committee. — No  meetings  of  the  Com- 
mittee or  Sub-Committees  were  held  during  the  year. 
The  railwaj-s  and  roads  were  re-surveyed.  Entirely  new 
sheets  were  prepared,  omitting  all  details  of  the  original 
revenue  map  sheets  except  mouza  boundaries,  rivers  and 
streams.  The  geological  features  now  stand  out  clearly, 
unobscured  by  topographical  details.  The  difficult  area  be- 
tween Gondodih-Godhur,  Mudidih-Bansjora,  and  Bhowra- 
Chasnala  has  been  re-surveyed.  It  has  been  proved  that 
the  seam  worked  at  Gondodih  and  West  Godhur  is  No.  9 
seam  and  not  No.  10  seam.  From  this  it  follows  that  the 
fault  passing  through  Dheriajoba — which  was  formerly 
considered  to  have  a  throw  of  132  feet — is  probably  of 
small  displacement. 
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It  is  suggested  that  the  map  sheets  be  placed  on  view 
at  the  Annual  Meeting. 

10.  Subsidence  Committee. — The  members  of  the  Com- 
mittee for  the  year  were  as  follows  :  — 

Mr.  Glen  George,  Chair-        Mr.  G.  C.  Lathbury. 

man.  ,,     F.  Owen. 

„     R.  G.  M.  Bathgate.  „     D.  R.  Remfrey. 

,,    J.  S.  Kean.  ,,     G.  F.  Adams  (Honorary 

,,     P.  S.  Keelan.  Secretary). 

The  work  of  recording  observations  was  continued. 
The  Committee  do  not  consider  that  sufficient  time  has 
elapsed  since  the  last  interim  report  was  issued  to  enable 
them  to  issue  a  further  interim  report  at  present.  A  further 
period  of  two  years  will,  it  is  estimated,  furnish  sufficient 
conclusions  for  a  second  report. 

ii.  The  following  books  on  technical  subjects  have 
been  presented  to  the  library  by  Sir  Ralph  P.  Ashton, 
Kt.  :— 

i.     Modern  Practice  in  Mining 

(4  Vols.)      .  .  . .  R.  A.  S.  Redmayne. 

2.     Petroleum  Mining  . .  A.  Beeby  Thompson, 

j.     Mine  Drainage  . .  Stephen  Mitchell. 

4.  Dressing  of  Materials        . .  Henry  Louis. 

5.  Text    Book    of    Precious 

Stones         . .  . .     Frank  B.  Wade. 

6      Mining  Costs  of  the  World      E.  N.  .Skinner  and  H.  Robinson 

Plate. 

12.  The  prize  offered  by  the  Government  of  India  for 
the  best  paper  read  before  the  Institute,  was  awarded  to 
Mr.  C.  A.  John  Hendry  for  his  paper  "  Some  primary  con- 
siderations in  hydraulic  stowing  in  mines  with  a  note  par- 
ticularly relating  to  the  coalfields  of  Bihar." 

13.  Institute  Medals. — The  three  medals — gold,  silver 
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and  bronze — offered  for  the  best  papers  read  before  the 
Institute,  were  awarded  as  follows  : — 

(a)  The  gold  medal  was  awarded  to  Mr.  C.  A.  John 

Hendry  for  his  above-mentioned  paper  ; 

(b)  the  silver  medal  to  Dr.  h.  Leigh  Fermor  for  his 

paper  on  "  The  burning  of  coal  seams  at  the 
outcrops  "  ;  and 

(c)  the  bronze  medal  to  Mr.  J.  Henry  Evans  for  his 

paper  on  "  Housing  of  labour  and  sanitation 
at  mines  in  India." 

Owing  to  the  high  prices  ruling  during  the  war,  as 
well  as  to  the  practical  impossibility  of  securing  the  services 
of  die-sinkers,  the  medals  have  not  yet  been  struck.  It 
was  therefore  decided  to  issue  certificates  as  a  temporary 
measure. 

14.  The  following  is  the  financial  statement  for  the 
year  1918.  The  revenue  of  the  Institute  for  the  year  is 
Rs.  12,926-2-5.  Of  this  amount,  Rs.  6,343-5-4  has  been 
derived  from  subscriptions,  compared  with  Rs.  6,308-5-4 
in  the  previous  year.  The  sale  of  Transactions,  maps  and 
advertisements  realized  Rs.  1,007-13-9,  as  compared  with 
Rs.  529-15-0 ;  and  the  amount  received  for  interest  is 
Rs.   1,974-15-4  as  compared   with  Rs.  1,686-6-7. 

The  expenditure  is  Rs.  8,951-8-7  as  against  Rs.  7,249- 
T0-9  in  the  previous  year  or  an  increase  of  Rs.  1,701-13-10, 
which  is  principally  due  to  the  printing  of  four  parts  of  the 
Transactions  during  the  year.  The  subscriptions  out- 
standing amount  to  Rs.  2,235. 
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The  Subsidence  Committee  account  is  shown  separately 
below.  The  three  years  for  which  the  Committee  was  at 
first  formed  terminated  on  the  31st  December,  1917.  It 
was  decided  that  as  a  period  of  three  years  was  found  to 
be  insufficient  to  enable  definite  conclusions  to  be  drawn, 
the  Committee  should  continue  its  work  for  a  further 
period  of  three  years. 

Subsidence  Committee. 


Receipts. 

To  Balance  of  last  year 
,,   Amount  received  in  1918 
,,   Amount  due 


Rs. 

A. 

P 

?3 

II 

6 

600 

O    O 

1,200 

1° 

1,813 

II 

6 

Expenditure.  |    Rs.    ]a.|P. 

By  Amount  disbursed  in  1918 
Balance  in  hand 


i,596 
217 


1,813 


The  Honorary  Treasurer  (Dr.  H.  H.  Hayden)  then 
presented  the  accounts. 

The  Vice-President  proposed  that  the  Report  and 
Accounts  as  laid  before  the  meeting  be  adopted  and  passed. 
This  resolution  was  seconded  by  Mr.  C.  H.  McCale  and 
passed  unanimously. 

In  accordance  with  the  constitution  of  the  Institute 
the  Hon.  Secretary  placed  on  the  table  a  complete  list  of 
Members  of  the  Institute. 

The  Vice-President  then  opened  and  read  the  report 
of  the  Judging  Committee  on  papers  read  before  the  Insti- 
tute during  the  year  1918. 


REPORT  OF  THE  JUDGING  COMMITTEE  ON  PAPERS 

FOR  1918. 

Members:— Messrs.  G.   F.  Adams,   L.  L.  Fermor.   H.  G.    Graves, 
B.  Heaton,  and  H.  Lancaster. 

The  papers  considered  were  : — 
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i.     Some  Notes  on  the  manufacture  of  Fuel  Briquettes  :  by  Mr. 
E.  H.  Roberton. 

2.  Notes  on   Rocks  from   Pavagarh  to   Dohad  :    by   Mr.  Edwin 

J.  Beer. 

3.  Welding  Pit  Guide  Ropes,  and  some  Methods  of  Welding  :  by 

Mr.  C.  H.  McCale. 

4.  Notes  regarding  proposed  sand  packing  at  Ramnagar  :  by  Mr 

C.  A.  John  Hendry. 

The  Government  Prize  of  Rs.  500  is  unanimously  awarded  to  Mr. 
E.  H.  Roberton  for  his  paper  "  Some  notes  on  the  manufacture  of  fuel 
briquettes." 

The  three  Institute  medals  are  awarded  as  follows  : — 

Gold  medal — to  Mr.  Roberton  for  his  above  paper. 

Silver  medal — to  Mr.  Beer  for  his  paper  "  Notes  on  rocks  from 
Pavagarh  to  Dohad." 

Bronze  medal — to  Mr.  McCale  for  his  paper  "  Welding  pit  guide 
ropes,  and  some  methods  of  welding." 

The  Hon.  Secretary  then  read  the  report  of  the  scru- 
tineers of  the  voting  papers  for  Officers  and  Council  for 
1919  ;  the  following  gentlemen  were  declared  elected  : — 

President  : 
G.  C.  Lathbury,  Superintendent,  East  Indian  Railway  Collieries. 

Vice-Presidents  : 
R.  S.  Davies,  General  Manager,  Ballarpur  Collieries. 
R.  R.  Simpson,  m.sc.  (Dunelm.),  Inspector  of  Mines  in  India. 

Honorary  Treasurer  and  Editor  of  "  Transactions  "  : 
H.   H.  Hayden,  c.s.i.,    c.i.E.,   f.r.s.,    d.sc,    Director,    Geological 
Survey  of  India. 

Honorary  Secretary  : 
E.  H.  Roberton,  b.a.,  m.sc,  m.i.m.e.,  f.g.s .,   Professor  of  Mining, 
C.  E.  College,  Sibpur. 

Members  of  Council  : 
1.     H.  M.  Bull,  M.i.M.E.:  Superintendent,  Messrs.  McLeod  &  Co.'s 
Collieries. 
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2.  G.  Crawford.  General  Manager,  Messrs.  Burn  and  Co.'s  Pot- 

teries. 

3.  S.  G.  L-  Eustace,  Messrs.  Kilburn  &  Co. 

4.  T.  S.  Gibson,  Manager,  Sripur  Colliery. 

5.  A.  H.  Izat,  Manager,  Central  Provinces  Prospecting  Syndicate. 

6.  P.    S.    Keelan.    Chief    Mining   Engineer,    Katras    Jharia    Coal 

Co..  Ld. 

7.  L.  A.  Jacobs,  b.sc,  m.i.m.E.,  Manager,  Ghusick  Collieries. 

8.  J.  Mackie,  General  Manager,  Eastern  Coal  Co.,  Ld. 

9.  C.  H.  McCale,  f.g.s.,  General  Manager,  Datnuda  Coal  Co.,  Ld. 
10.     X.  X.  Mukherji,  Mining  Engineer. 

11      Chas.   Olden,   m.i  mm.,    f.g.s.,    Superintendent,    Cape    Copper 

Co.,  Ld. 
iz.     H.  H.  Reynolds,  M  i.E.e.,  Consulting  Engineer. 

13.  B.  Starks  Field,  Manager.  Barakar  Coal  Co.,  Ld. 

14.  H.    M.    Tarlton,    Manager,    Messrs.    Bird   &   Co.'s    Gauraugdi 

Colliery. 

15.  G.  H.  Tipper,  M.A.,  f.g.s.,    Assistant  Superintendent,  Geologi- 

cal Survey  of  India. 

Dr.  H.  H.  Hayden  then  proposed  a  vote  of  thanks  to 
the  retiring  President  and  Members  of  Council  for  their 
services  during  the  past  year.  This  was  seconded  by  Mr. 
B.  Heaton  and  carried  unanimously. 

The  outgoing  Vice-President  then  vacated  the  chair 
in  favour  of  the  newly-elected  President  of  the  Institute, 
Mr.  G.  C.  Lathbury,  who  delivered  the  following  address : 


Presidential  Address. 

BY 

Q.   C.    Lathbury. 

Gentlemen, — -I,  first  of  all,  wish  to  thank  you  for  the 
honour  you  have  done  me  in  electing  me  your  president 
for  this  coming  year.  This  honour  I  appreciate  very 
highly,  and  I  can  safely  promise  that  anything  I  can  do  to 
further  the  interests  of  the  Institute  will  be  done  by  me, 
not  only  as  a  duty,  but  also  as  a  pleasure. 

We  meet  to-day,  I  am  glad  to  say,  under  happier  con- 
ditions than  we  did  12  months  ago.  It  is  five  years  since 
we  held  our  last  annual  meeting  without  the  shadow  of  a 
terrible  war  over  our  heads.  There  are,  no  doubt,  difficult 
times  in  front  of  us,  but  surely  we  may  anticipate  a  new 
era  of  peace  and  prosperity  by  which  I  hope  that  our 
Institute  will  benefit. 

During  the  period  of  the  war  the  work  of  the  Institute 
has  not  stood  still,  although  I  think,  one  cannot  but  admit 
that,  if  times  had  been  normal,  we  should  possibly  have 
had  better  attended  meetings  and  more  papers  read  and 
discussed.  It  has  got  to  be  remembered,  however,  that 
everyone  in  India  has  had  to  carry  on  their  work  with  re- 
duced staff  during  the  last  four  years,  and  this  has  meant 
much  extra  work  and  less  spare  time  at  their  disposal. 
Several  members  of  the  Institute  during  the  war  left  theii 
ordinary  occupations  and  joined  up.  From  information 
available  up  to  date  22  members  have  been  serving  with 
His  Majesty's  forces  in  India  and  abroad.     Two  of  these, 
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I  regret  to  say,  have  lost  their  lives  at  the  front.  I  trust 
a  record  will  be  compiled  of  the  doings  of  each  one  of  these 
members  and  published  in  the  Transactions. 

Apart  from  those  members  who  joined  His  Majesty's 
forces  there  are  others  who  have  been  doing  work  of  the 
greatest  value  and  importance  in  connection  with  the  war. 
Two  of  our  former  presidents  (Sir  Thomas  Holland  and 
Dr.  Hayden)  have  both  received  well  deserved  honours  for 
the  valuable  services  rendered  by  them,  and  I  would  like 
to  take  this  opportunity,  on  behalf  of  the  members  of 
the  Institute,  of  offering  them  our  heartiest  congratula- 
tions. 

I  expect  that  many  of  my  predecessors,  before  com- 
mencing to  write  their  address,  have  carefully  read  through 
former  addresses  and  different  papers  published  in  the 
Transactions.  I,  gentlemen,  have  spent  a  considerable 
amount  of  the  time  recently  in  this  occupation,  and  I  can 
certainly  endorse  what  Mr.  Adams  stated  in  his  presiden- 
tial address  in  1912,  namely,  that  the  Transactions  form  a 
very  useful  portion  of  one's  technical  library.  Since  that 
date  much  more  has  been  written,  and  I  think  that  nearly 
ever}'  subject  of  our  profession  has  been  written  about  at 
different  times.  This  does  not  mean  that  each  subject  has 
been  exhausted — that  is  impossible.  Many  have  only  been 
lightly  touched  upon.  I  hope,  therefore,  that  members 
will  remember  that  we  cannot  have  too  much  of  a  good 
thing,  and  that  they  will  come  forward  with  papers  during 
the  coming  year  and  not  think  that  because  a  certain 
subject  has  been  written  about  before  there  is  nothing 
further  to  say  about  it.  The  best  way  to  progress  is  to 
add  the  experience  of  others  to  one's  own. 

Two  years  ago  Mr.  Bathgate,  in  his  presidential 
address,  referred  to  the  fact  that  we  were  beginning  to  realize 
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that  the  Indian  coal  resources  were  not  inexhaustible. 
Much  has  happened  during  the  last  two  years.  The  demand 
for  coal  has  steadily  increased,  and  at  one  time  we  were 
threatened  with  a  very  serious  shortage.  Everything  points 
to  the  fact  that  the  industries  of  this  country  are  likely  to 
develop  to  an  even  greater  extent  than  they  have  done  in 
recent  years.  It  would  seem,  therefore,  that  the  demand 
for  coal  (certainly  of  the  better  qualities)  will  not  diminish. 
This  question  of  how  long  our  coal  will  last  is  more  im- 
portant than  ever. 

The  word  "  coal,"  however,  covers  a  large  variety  of 
substances  in  this  country.  I  wish  we  could  say  (as  was 
stated  about  a  certain  beverage)  that  none  of  it  was  bad 
but  that  some  qualities  were  better  than  others.  This,  I 
fear,  is  not  possible.  We  know  that  there  are  large  de- 
posits of  coal  of  sorts  in  this  country,  but  such  large  inroads 
are  being  made  into  the  qualities  known  as  ist  class  and 
even  good  2nd  class  that  we  cannot  look  on  these  qualities 
as  by  any  means  inexhaustible. 

I  believe,  at  times,  very  rough  estimates  have  been 
made  as  to  the  length  of  time  our  coal  supplies,  will  last, 
but  there  the  matter  has  ended  and  it  seems  to  me  that 
the  time  has  come,  not  only  to  go  into  the  question  care- 
fully as  to  how  long  our  coal  will  last,  but  what  is  equally 
if  not  more  important,  namely,  see  if  the  best  use  is  being 
made  of  the  coal  we  have. 

In  connection  with  the  estimation  of  the  duration  of 
our  coal  supplies  the  Institute  has  been  the  means  of  mak- 
ing very  valuable  information  of  this  kind  available.  I 
refer  to  the  excellent  work  done  by  the  Committee  appoint- 
ed to  revise  the  maps  of  the  Raneegunge  and  Jherriah 
coalfields. 

The  maps  of  the  Raneegunge  field  have  been  published 
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and  discussions  taken  place,  and  all  those  actively  con- 
cerned in  working  in  this  field  have  been  asked  to  give 
the  Institute  the  benefit  of  any  new  information  they  may 
have  at  their  disposal  from  time  to  time.  I  trust  that 
they  will  bear  this  in  mind. 

The  maps  of  the  Jherriah  field  will  also,  I  understand, 
soon  be  available  and  a  preliminary  discussion  has  already 
taken  place.  The  information  made  available  by  these 
maps  should  be  of  the  greatest  value  to  anyone  engaged 
in  the  task  of  estimating  our  coal  resources.  But,  gentle- 
men, we  must  also  remember  that  there  are  other  coal- 
fields in  this  country  besides  the  Jherriah  and  Raneegunge 
fields.  During  the  iast  few  years  detailed  prospecting 
work  has  been  carried  out  in  the  extensive  Karunpura 
coalfield  and  also  the  Bokaro  coalfield.  Possibly  in  the 
near  future  we  may  see  this  information  published  and 
made  available.  As  you  are  doubtless  aware,  develop- 
ment on  quite  an  extensive  scale  has  taken  place  in  part 
of  the  Bokaro  field.  If  the  resources  of  the  coal  supplies 
of  this  country  are  to  be  accurately  estimated  it  is  neces- 
sary that  all  information  acquired  should  be  made  avail- 
able. There  seems  to  be  a  necessity  in  this  country,  more 
than  any  other,  to  keep  information  secret.  Whether  this 
is  really  necessary  or  not  I  am  not  in  a  position  to  say. 
In  many  ways  this  is  a  pity  because  it  is  only  by  making 
information  available  that  progress  can  be  made. 

The  question  of  economy  in  working  is  constantly  be- 
fore us,  and,  I  think,  great  strides  have  been  made  in  this 
direction  although  much  more  remains  to  be  done.  The 
question,  however,  of  making  the  best  use  of  our  coal  has 
not  always  had  the  same  attention. 

Some  qualities  of  coal  are  more  suitable  for  certain 
purposes  than  others.      As  regards  this  question  I  would 
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specially  draw  attention  to  the  small  coal  required  for 
coke-making  to  which  I  shall  refer  again  presently.  As  to 
the  different  qualities  of  large  coal  much  can  be  done  by 
railways  (and  is  being  done)  in  seeing  that  the  best  quali- 
ties are  not  wasted  by  being  used  in,  for  example,  shunting 
engines  which  spend  a  large  part  of  their  time  standing 
in  yards  and  sidings  blowing  off  steam. 

Many  of  the  big  station  shunting  yards  are  in  close 
proximity  to  the  coalfields  and  here  is  a  good  chance  of 
burning  inferior  qualities  of  coal.  The  distance  it  has 
to  be  transported  is  not  great  and  it  serves  the  purpose 
required  quite  well  and  ensures  that  the  better  class  quali- 
ties of  coal  are  used  in  more  important  traffic  where  good 
running  is  essential. 

It  is  not  economical,  if  this  can  be  avoided,  to  send 
large  quantities  of  inferior  coal  (with  a  high  °0  of  ash) 
to  long  distances  as  the  weight  of  useless  material  which 
would  have  to  be  carried  is  very  considerable. 

This  question  of  coal  required  for  railways  is  one  with 
which  we  are  all  interested.  For  some  time  past  our 
friend  the  Coal  Controller  has  taken  us  all  under  his  wing 
and  has  been  as  a  parent  to  us.  He  has  told  us  what  we 
must  do  with  our  coal  and  (this,  I  believe,  is  where  the  coal 
owners  do  not  quite  see  eye  to  eye  with  him)  has  told  you 
the  price  he  will  pay  for  it.  Well,  gentlemen,  I  don't  pro- 
pose to  discourse  on  the  question  of  prices  as  everyone  has 
their  own  ideas,  and  this  is  not  a  suitable  place  or  time  to 
do  so.  There  can,  I  think,  be  no  question  about  one  very 
good  result  of  the  control  of  coal,  and  that  is  the  best  use 
has  been  made  of  it.  From  an  owner's  point  of  view  it  is 
naturally  very  difficult  to  wax  enthusiastic  over  the  fact 
that  their  coal  is  being  used  to  the  best  advantage.  They 
have  shareholders  to  satisfy,  and  the  price  obtained  for 
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their  coal  very  properly  takes  first  place.  If  a  good  price 
is  obtained  and  the  coal  is  distributed  and  used  in  the 
most  economical  way  and  for  the  most  suitable  purposes 
then  of  course  they  can  say  "  all  the  better."  This  ques- 
tion, however,  of  the  suitable  use  of  our  available  coal  is 
really  of  great  importance  from  the  point  of  view  Of  the 
benefit  to  the  county  in  general,  and  especially  as  regards 
the  future.  Probably  you  will  think  that  I  naturally  take 
a  one-sided  view  in  consequence  of  the  post  I  occupy  on 
the  railway.  This  is  not  really  so.  The  Railway  Com- 
pany I  have  the  pleasure  of  working  for  is  in  the  happy 
position  of  being  able  to  supply  a  large  portion  of  its  re- 
quirements from  its  own  collieries.  The  coal  at  Giridih  is 
considered  some  of  the  best  in  the  country.  The  Coal  Con- 
troller has  also  known  of  this,  gentlemen,  and  at  times,  dur- 
ing the  last  2  or  3  years,  has  demanded  considerable 
quantities  for  purposes  which  he  considered  more  import- 
ant than  burning  in  the  Company's  locomotives.  We 
have  had  it  replaced  by  coal  of  an  inferior  quality,  but  I 
realize  that,  although  individually  we  have  suffered  by  the 
exchange,  the  policy  adopted  was  necessary  for  the  needs 
of  the  country.  The  war  has  taught  us  many  things. 
Amongst  others  it  has  brought  home  to  consumers  the 
fact  that  coal  of  good  quality  is  not  overplentiful  and 
has  caused  us  to  be  more  careful  as  to  how  we  use  it. 
There  are  many  occasions  when  it  is  a  sinful  waste  to  burn 
some  of  the  best  coal  in  the  country  when  an  inferior 
quality  would  serve  the  purpose.  Whilst  on  this  question 
I  would  mention  I  was  told  the  other  day  that  some 
railways  had,  by  adopting  superheaters  on  their  locomo- 
tives, effected  a  reduction  of  at  least  15  %  in  their  coal 
consumption.  I  believe  those  who  have  adopted  them 
were  situated  many  miles  from  the  coalfields  and  had  to 
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pay  big  prices  for  their  coal  on  account  of  freight.  I  am 
not  a  believer  in  the  policy  that  because  coal  may  be 
cheap  therefore  it  is  unnecessary  to  take  steps  to  save  con- 
sumption. Coal  can  only  once  be  used,  and  it  is  being 
used  up  at  a  considerably  greater  speed  than  it  is  being 
formed.  Therefore  it  is  necessary  to  see  that  proper  use 
is  made  of  the  coal  we  have. 

As  the  railways  consume  a  very  large  proportion  of 
the  coal  produced  in  this  country  any  method  adopted  by 
them  for  saving  fuel  consumption  not  only  reduces  their 
bill  for  coal  but  also  will  help  to  a  considerable  degree  in 
increasing  the  length  of  time  that  our  coal  supplies  will 
last.  I  understand  that  experiments  for  using  coal  in 
powdered  form  are  also  being  carried  out.  In  America, 
I  believe,  it  has  already  been  tried  with  success.  Xot  only 
does  this  system  do  away  with  all  the  trouble  of  cleaning 
fires  but  it  reduces  the  consumption  to  a  very  great  extent 
and  also  enables  a  more  inferior  quality  of  coal  to  be  used. 
Possibly  this  may  be  one  solution  of  the  question  of  how 
to  use  up  the  large  quantities  of  inferior  coal  there  are 
in  this  country. 

It  has  also  been  suggested  at  times  that  it  could  be 
used  in  large  gas  producers  and  the  gas  used  for  generat- 
ing electric  power.  If  coal  in  powdered  form  can  success- 
fully be  used  in  boilers  for  generating  steam  we  may 
possibly  come  to  the  time  when  all  this  inferior  coal  will  be 
crushed  up,  possibly  washed  and  then  used  for  generating 
steam  in  the  form  of  powdered  fuel.  Up  to  date  coal- 
washers  have  not  been  introduced  into  this  country  be- 
cause, generally  speaking,  the  dirt  is  found  in  the  large 
coal  more  than  in  the  small  coal,  and  moreover,  without 
breaking  up  the  coal,  it  cannot  be  separated  from  it. 
This  is  the  reverse  to  what  usually  takes  place  at  home. 
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There  the  dirt  is  nearly  always  separate  and  found  in  the 
small  coal. 

The  policy  of  burning  inferior  quality  coal  in  certain 
classes  of  locomotives  naturally  meets  with  very  consider- 
able opposition  from  the  staff  concerned  as  necessarily 
more  work  is  involved  in  cleaning  fires,  etc.,  and  keeping 
up  steam  ;  but  this  must  be  faced.  We  are  all  inclined  to 
be  conservative  and  resent  changes.  As  an  example,  when 
I  took  charge  of  the  East  Indian  Railway  Collieries  in 
April  1915,  I  was  confronted  with  the  question  of  the  dis- 
posal of  our  small  coal.  Owing  to  the  war  the  demand  for 
small  coal  was  practically  stopped.  About  30,000  tons  of 
slack  were  on  the  ground,  greatly  deteriorating,  some  get- 
ting washed  away  by  rain  and  always  the  risk  of  stacks 
firing.  I  suggested  using  it  in  all  the  stationary  boilers  at 
the  several  small  pumping  stations  all  over  the  railway 
where  large  quantities  of  steam  coal  were  then  being  burnt. 
I  was  at  first  told  that  it  would  be  impossible  to  burn  it 
in  these  boilers.  After  some  persuasion  a  trial  was  made, 
and,  as  anticipated,  was  successful  and  within  a  very  short 
time  I  could  not  supply  enough.  There  was  a  considerable 
saving  of  steam  coal  in  consequence. 

This  was  before  the  great  demand  for  small  coal  came 
along,  which  was  a  year  or  two  later.  Now  a  better  use  can 
be  made  of  it,  namely  coke-making. 

In  England  recently  a  committee  of  several  of  the 
ablest  men  in  the  country  have  been  sitting  to  consider 
the  conservation  of  the  coal  supplies  of  that  country,  and  I 
was  surprised  to  learn  from  their  report  how  much  coal 
was  lost  by  waste,  especially  through  small  coal  being  left 
behind.  It  was  estimated  that  about  2,300,000  tons  of 
small  coal  were  cast  back  each  year  in  the  coalfields  of 
Great  Britain  at  the  present  time. 
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Until  recently  in  this  country  large  quantities  of  small 
coal  were  also  left  behind  in  the  mines  because  apparently 
there  was  no  market  for  it. 

In  addition  to  the  danger  of  causing  underground 
fires  the  bulk  of  this  coal  is  lost  for  all  time. 

During  the  last  two  or  three  years,  however,  chiefly 
owing  to  the  requirements  of  iron  and  steel  works,  there 
have  been  urgent  demands  for  small  coal,  especially  of  the 
coking  variety.  The  tremendous  impetus  given  to  the  iron 
and  steel  industries  has  caused  a  corresponding  increase  in 
the  demand  for  good  coke,  and  there  is  no  getting  over  the 
fact  that  the  demand  for  coke  exceeded  the  supply.  Un- 
fortunately not  all  of  the  coals  in  India  make  good  coke, 
and  some  do  not  coke  at  all ;  and  the  question,  therefore,  of 
making  the  best  use  of  what  coking  coal  we  have  is  of  the 
greatest  importance. 

Until  comparatively  recently  most  of  the  coke  made  in 
this  country  was  made  in  the  very  wasteful  (though  simple) 
country  ovens,  but,  though  the  coke  made  by  this  process 
is  certainly  good,  the  waste  is  appalling,  as  figures  I  will 
give  presently  will  show.  It  is  by  reforms  in  this  direction 
that  a  very  great  saving  not  only  in  money  but  in  our  coke- 
making  supplies  will  take  place. 

There  is  also  no  doubt  that  in  the  past  large  quanti- 
ties of  the  best  coking  slack  have  been  used  for  work 
where  other  varieties  would  do  equally  well.  This  should 
be  prevented  in  the  future  and  very  probably  this  will 
take  place  automatically.  The  demand  for  coking  coal  is 
increasing  very  rapidly,  and  it  is  surely  not  too  much  to 
expect  that  the  price  offered  for  it  will  ensure  that  it  is 
used  for  this  purpose  and  not  used  where  other  classes  of 
coal  would  serve  equally  as  well.  This  question  of  making 
coke  in  modern  bye-product  ovens  in  this  country  is  now 
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making  good  headway,  and  the  time  is  certainly  not  far 
distant  when  the  open  country  ovens  will  be  a  thing  of  the 
past. 

It  is  exactly  ten  years  ago  that  the  first  battery  of 
bye-product  ovens  was  put  to  work  in  this  country.  There 
were  many  people  at  that  time  who  predicted  failure — why  I 
am  not  sure.  I  believe  it  was  thought  that  it  would  be 
impossible  to  work  them  with  native  labour.  Mr.  Thos. 
H.  Ward,  who  was  at  that  time  Superintendent  of  the 
East  Indian  Railway  Collieries  at  Giridih,  and  on  whose 
advice  the  East  Indian  Company  erected  them,  was  never 
in  doubt  I  know,  and  it  was  very  soon  shown  that  modern 
coke  ovens  could  be  as  successfully  worked  in  this  country 
as  at  home.  At  the  time  the  ovens  at  Giridih  were  built 
all  material  had  to  be  imported  from  home.  At  the 
present  time  there  are  few  portions  of  a  modern  coke 
plant  which  cannot  be  built  from  material  manufactured 
in  this  country,  if  necessary,  and  manufactured  from 
material  produced  by  the  country.  The  plant  at  Giridih 
has  certainly  paid  for  itself  many  times  over — even  with 
coke  selling  at  the  low  prices  in  force  until  just  recently. 

In  Great  Britain  the  introduction  of  modern  bye- 
product  ovens  was  for  many  years  very  gradual,  but  of  late 
years  increased  very  rapidly.  Bye-product  coke  increased 
from  less  than  i  million  tons  in  1900  to  about  9  million 
tons  in  1913 — in  the  latter  year  being  about  66%  of  the 
total  coke  produced. 

From  figures  published  with  the  report  just  referred  to 
it  is  stated  that  in  1916  the  total  coal  carbonized  in  Great 
Britain  in  all  types  of  coke  ovens  amounted  to  20 '145 
million  tons,  producing  I3"422  million  tons  of  coke.  Out  of 
this  1 4 '60  million  tons  were  carbonized  in  bye-product 
ovens,  producing  io-6o  million  tons  of  coke.      This  shows 
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that  79%  of  the  coke  made  in  Great  Britain  during  iqi6 
was  made  in  bye-product    ovens.      Before  the  war  it  is 
interesting  to  note  that  the  proportion  of  bye-product  coke 
to  the  total  coke  made  in  the  following  countries  was: — 
In  Germany         .  .  . .   90% 

In  United  States  . .  . .   34% 

There  is  no  doubt  that  very  soon  the  practice  of 
making  coke  in  bye-product  ovens  will  be  increased  still 
further  in  Great  Britain. 

From  the  year  1910  to  1916  the  number  of  Beehive 
OveHs  (which  were  the  ovens  generally  in  force)  in  Great 
Britain  fell  from  16,037  to  6,892.  (Coal  Conservation  Com- 
mittee's final  report.) 

The  same  report  states  that  in  November  1917,  there 
were  some  8,700  bye-product  ovens  in  operation  in  Great 
Britain  whilst  several  more  batteries  were  being  built. 
The  capacity  of  these  8,700  ovens  would  be  about  12  f 
million  tons  of  coke.  All  the  above  figures  refer  to  the 
carbonization  of  coal  for  making  "  metallurgical  coke." 

When  one  remembers  that  from  each  ton  of  coal  carbon- 
ized there  are  recovered  approximately  23  lbs.  of  Sulphate 
of  Ammonia  and  65  lbs.  of  Tar  (these  figures  are  a  mini- 
mum and  refer  to  Indian  coals — in  England  in  many  cases 
larger  quantities  are  recovered),  one  can  realize  the  great 
waste  of  valuable  products  which  is  going  on  where  coke  is 
made  in  non-recovery  ovens. 

Let  us  now  consider  the  figures  with  reference  to  this 
country. 

In  1907  the  coke  made  was  approximately  at  the  rate 
of  300,000  tons  per  annum — all  in  non- recovery  ovens. 
In  1917  about  550,000  tons  were  made.  Of  this  quantity 
approximately  300,000  tons  (or  55  °0 )  were  made  in  bye- 
product  recovery  ovens. 
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In  1919  the  anticipated  production  of  coke  is  670,000 
tons — an  increase  of  over  100%  since  1907.  This  is  the 
quantity  which  will  be  required. 

Of  this  670,000  tons — 

Approximately  380,000  tons  will  be  made  in  bye- 
product  ovens,  or  57% ; 
190,000  tons  will  be  made  in  non- 
bye-product  retort  ovens, 
or  28%; 
leaving  a  balance  of      100,000  tons  to  be  made  in  country 

ovens,  or  15%  . 


670,000  tons. 

These  figures  give  a  good  idea  of  the  development 
made  in  coke-making  during  the  past  few  years.  In 
addition  more  recovery  ovens  are  being  built  and  still 
more  in  comtemplation.  There  seems  every  probability 
that  in  a  very  short  time  the  country  ovens  will  be  a 
thing  of  the  past. 

The  100,000  tons,  which  is  the  estimated  production 
this  year  in  country  ovens,  will  require  at  least  200,000 
tons  of  dust.  The  same  quantity  of  coke  made  in  modern 
ovens  would  require  approximately  133,000  tons  of  dust 
(this  is,  taking  the  %  of  coke  made  as  50%  in  country 
ovens  and  75%  in  modern  ovens  of  the  amount  of  coal 
used).  This  figure  75%  is  on  the  low  side — 8o?0  being  often 
obtained.  Considering  that  our  coking  slack  is  certainly 
not  inexhaustible,  here  is  one  method  of  saving  the  same. 

Assuming  the  value  of  the  dust  to  be  Rs.  4/-  per  ton 
there  is  a  saving  on  the  coal  bill  of  approximately 
Rs.  2/10/-  for  every  ton  of  coke  made  by  using  modern 
ovens.     I   should   not   be  surprised  to   find  in  the  near 
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future  the  best  qualities  of  coking  coal  fetching  nearer 
Rs.  8/-  per  ton.  In  addition  more  uniform  results  in 
quality  are  obtained — a  matter  which  is  of  very  great 
importance  to  the  users. 

When  we  consider  the  bye-products  from  the  coal  the 
figures  are  still  more  convincing. 

The  total  amount  of  coke  estimated  to  be  produced 
from  non-recovery  ovens  during  1919  is  as  follows : — 

190,000  tons  from  modern  Retort  Xon-recoverv  ovens 

100,000  tons  from  country  ovens. 

The  former  will  require  approxi- 
mately . .  . .      254,000  tons  of  coal 

And  the  latter       ..  ..     200,000     „.    „     „ 


Or  a  total  of  . .  ..     454,000  tons  of  coal. 

The  production  of  Tar  and  Sulphate  of  Ammonia  from 
this  coal  would  be — 

Sulphate  of  Ammonia  approximately     .  .     4,660  tons. 
Tar     ..  ..  ..  ..    13,174    » 

All  these  valuable  products  are  being  lost. 

This  question  of  waste  incurred  in  making  coke  with- 
out recovering  the  bye-products  has  been  man}-  times 
referred  to  both  in  former  Presidential  addresses  and  in 
papers  read  at  different  times  before  the  Institute. 

In  1907,  in  his  second  Presidential  address,  Sir  Thomas 
Holland  spoke  as  follows  : — "My  advice,  therefore,  to  those 
of  you  who  are  coal  owners  is  this — follow  Mr.  Ward's 
example  and  lay  out  some  of  your  great  profits  for  the 
erection  of  bye-product  recovery  ovens." 

Well,  it  has  taken  some  years  to  follow  this  advice,  as 
the  following  statement  giving  the  approximate  dates  the 
different  modern  coke  plants  were  started  in  this  country 
shows : — 
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Battery  of  18  Simon  Carves  Bye-product  ovens 
Do.  34  do.  do. 

Do.  12  do.  do. 

Do.  180  Coppee  Non-Recovery  Ovens 
Do.  34  Simon  Carves  Bye-product  ovens 

Do.  30  do.  do. 

Do.  50  Koppers  Bye-product  ovens 

Do.  40  do.  do. 


Date  put  to  work. 
February  1909. 
June  1910. 
November  1910. 
September  191 1. 
April  1914. 
June  1916. 
August  1916. 
January  1919. 


Probably  the  chief  reason  has  been  that  there  has  not 
been  a  great  demand  for  coke  at  all  times  and  it  has  only- 
been  in  recent  years  that  this  demand  has  increased. 

I  give  below  the  approximate  value  in  this  country  of 
Sulphate-  of  Ammonia  and  coke  oven  Tar  per  ton  for  each 
year  since  1910.  The  figures  may  not  be  absolutely  cor- 
rect but  are  sufficiently  so  to  give  a  fair  idea  of  the  value 
of  the  products  lost  by  making  coke  without  recovering 
the  bye-products. 

Price  per  ton. 
Sulphate  of  Ammonia. 

Rs.  As.  P. 

1910  . .      177     o     o 

1911  . .     199     o     0 

1912  . .       212      O      O 

1913  ..  197  O  O 

1914  . .  182  O  O 

1915  ..  231  O  O 

1916  . .  264  O  O 

1917  ..  323  O  o 

1918  ..  375  0  o 

The  remarks  I  have  made  refer  to  hard  coke.  There 
should  be  a  fortune  waiting  for  anyone  who  can  make 
good  soft  coke  and  at  the  same  time  recover  the  bye-pro- 
ducts. Many  attempts  have  been  made  to  effect  this  but 
as  far  as  I  know,  up  to  date,  with  little  or  no  success. 


rice  per 

ton. 

Tar. 

Rs.  As. 

P. 

55     0 

0 

55     0 

0 

55     0 

0 

60    0 

0 

60     0 

0 

60     0 

0 

60     0 

0 

60     0 

0 

60     0 

0 
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The  demand  for  soft  coke  in  this  country  for  domestic 
purposes  alone  is  sufficiently  great  to  ensure  a  good  and 
regular  market. 

There  has  been  under  consideration  lately,  I  under- 
stand, the  question  of  appointing  a  committee  to  enquire 
into  the  methods  of  working  the  mines  in  this  country. 
As  a  preliminary  a  Mining  Expert  has  been  sent  out  from 
home  to  enquire  as  to  the  best  method  of  coal  extraction 
in  this  country.  Well,  gentlemen,  we,  none  of  us  I  hope, 
are  conceited  enough  to  imagine  that  we  have  nothing  to 
learn,  and  I  am  sure  that  we  shall  all  be  very  glad  to 
receive  new  ideas  and  take  advantage  of  them  if  we 
can. 

In  considering  this  question  there  is  one  very  import- 
ant point  to  remember,  and  that  is  that  collieries  have  to 
be  worked  to  make  a  profit.  I  expect  many  of  you  have 
pretty  good  ideas  of  how  you  would  really  like  to  work 
your  mines  but  are  prevented  from  carrying  out  your 
ideas  by  the  question  of  cost.  In  this  country  the  coal  is 
found  under  a  greater  variety  of  conditions,  I  think,  than 
in  any  other  country.  One  man's  colliery  may  be  a  cheap 
and  easy  one  to  work  whilst  another's  is  just  the  reverse. 
Each  one  has  to  raise  his  coal  at  the  lowest  possible  price, 
and  cheap  coal  does  not  very  often  mean  that  the  coal  is 
worked  to  the  best  advantage.  This  is  the  great  stumbling- 
block  to  progress  in  this  direction. 

It  seems  to  me  that  what  is  equally,  if  not  more 
desirable,  is  to  take  stock  (as  I  have  previously  mentioned) 
of  the  coal  we  have  available,  and  especially  with  reference 
as  for  what  use  each  coal  is  most  suitable. 

Especially  do  we  require  this  information  with  regard 
to  the  amount  of  coal  we  have  left  suitable  for  coking 
purposes. 
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I  do  not  think  anyone  can  say  accurately  what 
proportion  of  our  coals  are  coking  or  otherwise. 

At  present  it  would  appear  that  we  have  none  too 
much  coal  suitable  for  coke-making. 

Many  experiments  have  been  carried  out  at  home 
with  mixing  coals,  and  it  has  often  been  found  that  by 
mixing  coking  and  non-coking  coals  together  in  certain 
proportions  success  has  been  attained  and  good  coke 
resulted. 

Unfortunately  no  one  seems  to  be  able  to  say  with 
certainty  what  are  the  particular  properties  in  a  coal  which 
cause  the  latter  to  coke.  Many  theories  have  been  put 
forward  but  up  to  now  the  only  definite  information 
has  been  obtained  by  actual  tests  in  the  ovens.  Even 
though  laboratory  experiments  may  sometimes  form  a 
useful  guide,  still  they  are  not  absolutely  reliable  and 
actual  experiments  in  the  ovens  have  given  different 
results  to  those  obtained  in  the  laboratory. 

This  question  of  trying  different  mixtures  of  coal 
(coking  and  non-coking)  to  see  if  they  will  coke  when 
mixed  together  is  one  which  is  deserving  of  much  attention. 
This  is  one  direction  in  which  we  may  find  that  our 
supplies  of  coking  coal  may  be  increased. 

Supposing  we  find  that  a  mixture  of  25%  of  non- 
coking  and  75%  of  coking  coal  when  mixed  together  make 
a  good  coke,  we  see  our  supplies  of  coking  coal  increased  by 
25%  straightaway . 

Generally  speaking  it  is  the  coals  very  high  in  volatile 
in  this  country  which  do  not  coke  well  by  themselves. 
From  the  point  of  view  of  bye-products  this  is  unfortunate. 
Some  of  these  valuable  bye-products  would,  however,  be 
saved  if  it  were  found  that  a  mixture  of  these  ccals  with  a 
good  coking  variety  formed  a  satisfactojy  coke. 
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Often  also  these  non-eoking  coals  are  very  low  in  ash 
and  mixing  with  ordinary  coking  coals  would  result  in  a 
'cleaner'  coke,  e.g.  25%  non-coking  coal  of  10%  ash 
mixed  with  coking  coal  of  16  or  17%  of  ash  would 
probably  reduce  the  ash  in  the  coke  from  22%  to  19%  . 

This  is  one  of  the  many  subjects  about  which  any 
information  obtained  should  be  published,  as  it  would  be  of 
great  service. 

One  word  more  before  I  close.  You,  doubtless  all  of 
you,  have  seen  that  it  is  proposed  to  form  a  Society  of  all 
classes  of  Engineers  in  this  country.  This  Institute  will  no 
doubt  be  approached  (if  this  has  not  already  been  done). 
It  is  difficult  at  present  to  say  how  we  shall  be  affected. 
Whatever  our  future  may  be  (whether  we  shall  continue  as 
we  are  at  present  or  form  a  branch  of  the  new  Society 
which  is  to  be  brought  into  being),  I  sincerely  trust  that  we 
shall  all  stick  together  and  continue  the  good  work  which 
has  been  going  on  since  our  foundation  thirteen  years  ago. 

A  vote  of  thanks  to  the  President  for  his  address  was 
then  moved  by  Mr.  S.  G.  L.  Eustace,  and  seconded  by 
Mr.  R.  R.  Simpson,  and  carried  unanimously. 

Mr.  McCale  read  his  paper  on  "Welding  pit  guide- 
ropes  and  some  methods  of  welding." 

A  vote  of  thanks  to  the  Asiatic  Society  of  Bengal  for 
the  use  of  the  room  was  proposed  by  Mr.  G.  F.  Adams, 
seconded  by  Mr.  C.  H.  McCale,  and  carried  unanimously  ; 
and  the  President  then  declared  the  meeting  closed. 

In  the  afternoon,  at  the  invitation  of  Et.-Col.  Bourke, 
I. M.S.,  Officiating  Master  of  the  Mint,  a  visit  was  paid  to 
His  Majesty's  Mint. 


Annual  Dinner. 

Tne  Annual  Dinner  of  the  Mining  and  Geological 
Institute  of  India  was  held  in  the  Hall  of  the  Dalhousie 
Institute,  on  Friday,  the  31st  January,  1919.  Mr.  G.  C. 
Lathbury,  the  new  President  of  the  Institute,  was  in  the 
chair,  the  guests  of  the  evening  being  the  Hon.  Sir  Henry 
Wheeler  anc1  the  Hon.  Mr.  J.  G.  Cumming. 

The  following  is  a  list  of  the  members  and  guests 
present : — 

Messrs.  H.  T.  Acton,  G.  F  Adams,  C.  T.  Ambler,  A.  H.  Aslett, 
V.  M.  Bason,  H.  F.  Bennett,  W.  H.  Bennett,  J.  Brown,  J.  Bullock, 
C.  B.  Chartres,  A.  Cochran,  A.  T.  Creet,  L.  Diamond,  G.  Duff,  S.  G.  L- 
Eustace,  T.  Fawsitt,  Dr.  L.  L.  Fermor,  Mr.  T.  S.  Gibson,  Dr.  H.  H. 
Hayden,  Messrs.  B.  Heaton,  C.  D.  M.  Hiudley,  T.  W.  Hockley,  J.  S. 
Hogg,  R.  H.  Horsburgh,  C.  Houston,  J  S.  Hunter,  A.  Jardine,  J.  Kirk- 
wood,  H.  Lancaster,  H.  A.  F.  Lindsay,  H.  V.  Low,  J.  T.  Mackenzie, 
J.  Mackie,  J.  Mackintosh,  C.  H.  McCale,  D.  McLean,  G.  W.  Marshall, 
O.  S.  Martin,  J.  W.  Murphy.  A.  H.  Parry,  J.  H.  Pattinson,  ,E.  T. 
Plummer,  G.  C.  Lathbury,  T.  W.  T.  Ouarmby,  H.  C.  Read,  R.  I 
Treharne  Rees,  H.  H.  Reynolds,  E.  H.  Roberton,  I.  G.  C.  Robertson. 
T.  Samson,  S.  H.  Seddon,  F.  L-  G.  Simpson,  R.  R.  Simpson,  R.  Strachey, 
J.  Thomas,  F.  N.  Turner,  J.  B.  Wardlaw,  H.  Webber,  W.  Webber, 
G.  C.  Webster,  C.  S.  Whitworth,  and  W.  J.  Wood. 

The  guests  of  the  Institute  were  : — 
Hon'ble  Sir  H.  Wheeler,  K.C.I.E.,  C.S.I. ,  I.C.S.,  Hon'ble  Mr.  J.  G. 
Cumming,  C.S.I.,  CLE.,  I.C.S.,  Sir  G.  C.  Godfrey,  Kt.,  Mr.  J.  Marshall, 
Prof.  Ramsay  Muir,  Hon'ble  Mr.  R.  M.  Watson  Smyth,  Mr.  S.  C.  Wil- 
liams, and  the  representatives  of  the  Press. 

After  the  toast  of  the  King-Emperor  had  been  pro- 
posed from  the  chair,  and  duly  honoured,  the  President 
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proposed  the  toast  of  "  The  Government  of  Bengal."      He 
said  : — 

Gentlemen, — The  toast  I  have  the  privilege  of  propos- 
ing is  that  of  the  Government  of  Bengal.  This  privilege 
is  one  I  value  highly  and,  if  I  fail  to  express  myself  as 
eloquently  as  former  Presidents  have  done  on  similar  occa- 
sions, I  ask  you  to  make  excuses  for  me  and  put  down  any 
defects  to  the  fact  that  in  matters  of  this  kind  I  am  some- 
what wanting  in  that  qualification  known  as  "  experience." 

My  task,  however,  is  comparatively  an  easy  and  cer- 
tainly a  very  pleasant  one.  In  one  matter  I  regret  to  say 
we  have  suffered  a  very  considerable  disappointment  dur- 
ing the  last  day  or  two.  As  you  are  aware,  His  Excellency 
the  Governor  of  Bengal  had  very  kindly  promised  to  be 
present  here  this  evening,  but  owing  to  the  fact  that  the 
Court  is  in  mourning  due  to  the  sad  death  of  the  youngest 
son  of  Their  Majesties  the  King- Emperor  and  the  Queen- 
Empress  he  has  had  to  cancel  all  appointments  of  this  kind. 
We  all  of  us  feel  this  disappointment  keenly,  as  well  as  the 
sad  cause  of  it.  We  are  glad  to  know,  however,  that  His 
Excellency  had  originally  intended  to  be  present  and  by  so 
doing  give  a  proof  of  the  interest  he  takes  in  the  industry 
we  represent.  Of  this  I  do  not  think  that  any  one  had 
really  any  doubt.  One  has  only  to  read  the  papers  and 
learn  from  the  busy  life  he  leads  how  much  he  has  at 
heart  the  different  industries  and  welfare  of  this  Province. 
I  have  no  doubt,  therefore,  that  if  he  is  able  to  do  so  he 
will  consent  to  accept  our  hospitality  at  some  future  date. 
Though  the  toast  I  am  proposing  was  therefore  changed 
from  the  personal  one  of  His  Excellency  Lord  Ronaldshay, 
Governor  of  Bengal,  to  that  of  the  Government  of  Bengal, 
nevertheless  I  still  look  on  the  toast  as  a  personal  one,  be- 
cause the  Government  of  Bengal  is  represented  to-night  by 
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the  two  senior  members  of  Council,  namely  Sir  Henry 
Wheeler  and  Mr.  J.  G.  dimming,  and  these  two  names 
mean  a  great  deal  in  this  Province. 

On  reading  through  some  of  the  speeches  made  at 
former  dinners  I  see  the  opportunity  has  often  been  taken 
by  speakers  to  air  their  little  grievances.  Even  though, 
perhaps,  no  immediate  remedy  may  be  at  hand  we  all 
know  that  relief  is  often  afforded  by  being  allowed  to  un- 
burden ourselves,  and  it  does  no  harm  to  let  others  hear  of 
our  troubles. 

I  maintain,  however,  that  my  duty  lies  in  happier 
paths,  and  if  there  are  grievances  to  air  (and  who  has  not 
got  them)  I  am  going  to  leave  them  to  others  to  discourse 
about  if  they  wish. 

Ever  since  the  inauguration  of  our  Institute  we  have 
had  the  privilege  of  entertaining  at  our  Annual  Dinners 
those  set  in  high  authority  over  us.  In  addition  many 
have  visited  us  at  our  work.  These  visits  are  not  always 
made  merely  for  pleasure.  They  often  have  other  and 
more  serious  objects.  As  an  example,  only  last  January 
His  Honour  Sir  Edward  Gait,  Lieutenant-Governor  of  Bihar 
and  Orissa,  spent,  at  the  invitation  of  the  Hon.  Mr.  W.  A. 
Ironside,  two  very  strenuous  days  in  the  Raniganj  and 
Jharia  coalfields.  One  of  the  results  of  this  visit  is  seen 
in  the  Bihar  and  Orissa  Overhead  Ropeways  Bill  which  is 
now  under  consideration. 

You  will  see,  therefore,  how  necessary  it  is  for  our 
welfare  that  those  who  govern  us  should  take  an  interest 
in  our  work.  In  this  respect,  gentlemen,  I  am  glad  to  say 
we  have  no  cause  to  grumble. 

It  is  exactly  five  years  since  we  held  our  last  dinner. 
Owing  to  the  terrible  war  which  we  have  just  passed  through 
our  annual  dinners  have  been  very  properly   suspended. 
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I  am  sure  we  are  very  glad  to  find  that  this  long  interval  has 
not  changed  the  old  custom,  or  rather  I  should  say  privilege, 
we  have  hitherto  enjoyed.  At  the  last  dinner  we  held,  which 
was  on  the  30th  of  Jan.,  1914,  the  chief  guest  of  the  evening 
was  His  Excellency  Lord  Carmichael  of  Skirling — Governor 
of  Bengal — and  but  for  the  sad  event  which  has  taken  place 
his  successor  would  have  been  present  to-night.  These 
dinners  have  sometimes  been  referred  to  as  representing 
"  our  lighter  moments."  That  may  be  so,  but  neverthe- 
less they  afford  a  very  good  opportunity  for  our  becoming 
better  acquainted  with  those  representing  other  interests. 

The  presence  here  to-night  of  the  two  senior  members 
of  Council  we  take  as  a  proof  that  Government  recognizes 
the  importance  of  the  profession  we  members  of  the  Insti- 
tute belong  to.  I  need  hardly  say  how  glad  we  are  to  see 
them  and  to  welcome  them  here. 

Gentlemen,  I  ask  you  to  drink  the  health  of  the 
Government  of  Bengal,  and  with  the  toast  I  couple  the 
name  of  Sir  Henry  Wheeler. 

The  Hon.  Sir  Henry  Wheeler,  who  responded,  said  : — 
Mr.  President  and  Gentlemen, — I  answer  this  toast 
with  a  certain  amount  of  diffidence  because  I  feel  some- 
what of  an  interloper.  For  the  sad  reason  to  which  the 
President  has  referred,  it  was  impossible  for  His  Ex- 
cellency the  Governor  to  be  present  here  to-night,  and  he 
has  asked  me  to  say  on  his  behalf  that  nobody  regrets  his 
absence  more  than  himself.  It  was  with  pleasure  he  was 
looking  forward  to  dining  here  to-night,  and  he  hopes  to 
be  present  here  on  another  future  occasion. 

Owing  to  the  absence  of  His  Excellency  I  find  myself 
entrusted  with  the  answer  to  this  toast,  and  in  the  face 
of  the  kind  remarks  which  have  fallen  from  the  President 
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it  is  incumbent  on  us,  and  easy  for  us,  to  express  the 
appreciation  which  we  feel  of  your  hospitality  to-night. 
Nowadays  when  one  proceeds  as  a  Member  of  the  Local 
Government  one  goes  out  in  some  trepidation  on  account 
of  the  criticisms  which  may  be  made  or  the  bricks  which 
may  be  thrown  at  our  official  nowadays,  but  I  am  happily 
saved  from  such  a  fate  to-night.  It  has  been  said  of  the 
Government  of  India,  as  of  many  other  corporate  institu- 
tions, that  they  have  neither  a  body  to  be  kicked  nor  a 
soul  to  be  damned,  and  I  suppose,  according  to  the  law 
of  official  precedence,  you  may  say  of  a  Local  Government 
that  they  have  neither  a  small  body  to  be  kicked  nor  a 
small  soul  to  be  damned,  though  in  the  face  of  the  fact 
that  the  Maharaja  of  Burdwan  is  now  one  of  the  Mem- 
bers of  the  Government  of  Bengal  one  of  us  can  at  least 
claim  to  possess  an  adequate  body  while  by  your  lavish 
hospitality  to-night  you  have  at  any  rate  credited  us  with 
throats  of  normal  capacity. 

But  gentlemen,  that  the  Local  Government  suffers 
from  various  disabilities  is  beyond  doubt,  and  there  are 
some  which  are  worth}"  of  your  attention.  In  Bengal, 
we  are,  as  a  constitutional  body,  rather  a  new  creation. 
When  I  first  came  out  to  this  country  a  good  many  years 
ago,  I  came  out  to  an  enormous  province  the  administra- 
tion of  which  was  entrusted  to  the  hands  of  a  Lieutenant- 
Governor.  It  is  almost  like  a  bye-gone  age  to  look  back 
on  those  days.  I  am  afraid  we  were  not  then  so  politi- 
cally minded  as  we  are  told  we  ought  to  be  now.  The 
Government  at  that  time  was  largely  taken  up  with  the 
dry  business  of  administration.  I  remember  well  in  my 
first  district,  when  it  was  visited  by  a  Lieutenant-Governor 
of  extraordinary  personal  energy,  seeing  him  in  the 
kutchery  examining  the  registers  of  the  Deputy  Magistrates 
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and  even  down  to  those  of  the  latest  joined  Assistant 
Magistrate,  myself.  That  is  a  spectacle  which  at  the 
present  moment  one  can  hardly  imagine.  As  Assistant 
Magistrate  my  duty  was  mainly  concerned  in  assessing, 
to  the  extent  of  a  few  annas,  the  degree  of  crime  attaching 
to  offences  against  the  sanitary  control  of  the  roads,  but 
nevertheless  my  trial  register  came  under  the  inspection 
of  the  Lieutenant-Governor,  and  whether  he  was  struck 
with  the  legal  acumen  with  which  I  drew  a  distinction 
between  a  fine  of  two  annas  and  one  of  four  annas  I  know 
not,  nor  shall  I  ever  know ;  but  that  is  a  striking  instance 
of  what  administration  was  like  in  those  days.  We 
jogged  along  like  that  until  1905,  when  the  energy  of  Lord 
Curzon  breathed  over  the  land,  and  we  had  the  partition 
with  all  its  legacy  of  political  trouble,  which  unfortunately 
has  been  with  us  ever  since.  That  partition,  however,  did 
not  touch  the  industry  in  which  you  gentlemen  are  con- 
cerned ;  you  still  remained  under  the  Government  of 
Bengal,  such  as  it  was.  But  we  then  passed  on  to  a 
Lieutenant-Governor  in  Council,  a  short-lived  experi- 
ment, which,  after  yet  another  partition,  gave  place  to  the 
Governorship  in  Council  under  which  we  now  are  and 
under  which,  we  trust,  we  may  continue  to  be.  But  the 
latter  partition  did  affect  the  great  mining  industry  in  a 
marked  degree,  as  it  divided  the  area  in  which  you  are 
interested  and,  to  the  great  regret  of  Bengal,  put  the 
larger  portion  of  you  in  Bihar  and  Orissa.  In  every  thing 
that  affects  your  further  progress  the  interest  of  the  Bengal 
Government  has  been,  and  always  will  continue,  keen ; 
but  these  various  distributions  and  redistributions  of  the 
provincial  territory  have  not  made  easier  the  management 
of  affairs,  and  have  absorbed  much  time  and  energy  in  the 
rearrangement  of  details. 
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A  second  disability  is  one  which  I  am  afraid  goes  back 
to  very  early  days.  We  are  a  much  attacked  Govern- 
ment. It  is  inevitable  it  should  be  so,  though  fortunate- 
ly since  191 2  we  have  been  able  to  sit  in  our  dugouts  in 
Calcutta  and  see  the  shells  of  controversy  bursting,  since 
Mr.  Ironside  has  been  there,  with  some  force  and  violence 
in  the  Council  Chamber  at  Delhi ;  but  nevertheless  we  do 
occasionally  come  into  the  limelight  and  are  exposed  to 
the  shots  of  the  sniper.  I  believe  it  is  commonly  supposed 
that  the  Indian  Civil  Service  resents  criticism.  Personally 
I  never  came  across  any  man,  or,  speaking  as  a  married 
man,  an}'  woman,  who  liked  criticism.  But  I  quite  re- 
cognize that  criticism  is  our  inevitable  lot.  It  may  be 
trying  for  the  temper,  but  I  have  no  doubt  it  does  make 
for  good.  It  brings  to  notice  points  which  would  other- 
wise be  lost  sight  of,  and  no  one  has  any  reasonable  grudge 
against  well-informed  argument.  Certainly,  as  the  Gov- 
ernment is  now  constituted,  we  are  only  too  willing  to 
hear  all  points  of  view  and  do  our  best  to  meet  them. 
I  would  merely  urge  on  the  other  side  that  while  the 
issues  may  look  very  clear  from  the  one  standpoint  hi 
which  the  critic  may  be  personally  interested,  they  are  not 
always  equally  clear  when  viewed  in  the  different  aspects 
to  which  the  Local  Government  is  bound  to  pay  regard. 

I  now  come  to  a  disability  which  I  shudder  to  men- 
tion in  this  assembly.  We  are  a  non-expert  Government, 
a  terrible  thing  to  say  amid  you  gentlemen,  all  of  whom 
know  their  business  from  A  to  Z  and  can  claim  to  be  ex- 
pert in  it.  Let  me  urge  in  our  defence  that  the  world  is 
so  constituted  nowadays  that  a  man  cannot  be  expert  in 
every  thing ;  and  living  under  a  cheap  Government,  as  you 
do  in  this  country,  it  is  almost  inevitable  that,  up  to  now, 
the  traditions  of  the  old  days  should  continue,  and    the 
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Indian  Civil  Service  should  have  to  put  its  hand  to  a  good 
many  things.  Also  it  may  be  that  the  experience  of  a 
certain  number  of  years  in  dealing  with  men  of  various 
temperaments,  questions  of  various  kinds,  and  points  of 
view  very  often  very  widely  apart,  may  induce  a  certaiu 
amount  of  attitude  for  judging  the  expert  point  of  view, 
which  you  may  not  always  attain  if  you  are  content  with 
the  expert  view  only.  In  this  connection  I  will  relate 
another  incident  in  my  career.  When  I  first  went  up  to 
the  Government  of  India  I  remember  my  early  days  being 
occupied  with  a  case  which  involved  an  appalling  actuarial 
calculation  about  the  quinquennial  recruitment  for  the 
Indian  Civil  Service,  which  I  was  absolutely  unable  to 
grasp.  I  thought  in  my  youthful  terror  that  I  should  be 
handed  a  ticket  to  go  down  by  the  next  train  from  Simla 
and  that  my  future  career  would  be  ruined.  But  in  turn- 
ing up  the  old  papers  I  was  relieved  to  see  that  Sir  Denzil 
Ibbetson — who  would  have  made  a  name  for  himself  in 
any  country — had  written  on  a  similar  file  which  had 
come  before  him  for  examination,  "  I  admit  I  do  not 
understand  anything  about  these  things."  I  merely  quote 
that  as  an  instance  of  how,  even  though  one  does  not 
possess  the  expert  view  of  everything,  one  may  be  able  to 
learn  who  are  the  right  experts  to  whom  to  go,  and  whose 
advice  is  sound,  and  to  sound  expert  advice  the  present 
Government  of  Bengal  will  always  be  ready  to  attach 
weight. 

My  last  reflection  is  a  melancholy  one.  We  are  a 
vanishing  Government,  not  a  vanishing  Government  in 
the  sense  that  we  have  any  intention  of  levanting  with  the 
till,  though  nowadays  you  can  quote  a  good  deal  of 
historical  precedent  for  that  strategic  movement ;  nor  do 
I  refer  to  what  Mr.  Jones  would  tell  us,  namely  that  we 
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are  a  Government  chiefly  famous  for  vanishing  in  our  an- 
nual exodus  to  the  hills.  I  refer  rather  to  changes  which 
we  can  see  looming  before  us.  We  know  not  what  the 
future  may  bring  forth,  but  we  do  know  that  the  future 
will  not  leave  the  Local  Government  of  Bengal  in  the 
shape  in  which  you  gentlemen  have  known  it  in  the  past. 
Matters  will  lie  far  more  and  more  with  you  gentlemen. 
You  who  are  here  to-night  as  representing  such  important 
interests  in  these  two  provinces — interests  which  have  so 
long  a  record  of  honourable  and  professional  work  in 
the  development  of  the  province,  and  interests  which  will 
play  so  large  a  part  in  the  industrial  development  of  India 
which  is  coming  in  the  near  future — will  be  called  upon  to 
take  a  larger  share  in  the  Government  of  the  country  than, 
possibly,  has  been  the  case  in  the  past.  Looking  at  your 
records  and  the  ability  which  characterizes  your  members, 
we  need  have  little  hesitation  as  to  the  result.  I  would 
only  ask  of  you  when  occasionally  in  these  future  years 
you  are  worried — possibly  amid  not  very  sympathetic 
surroundings  or  very  sympathetic  critics — in  trying  to 
solve  the  difficulties  of  administration,  that  you  give  a 
kindly  thought  to  us  who  in  the  years  of  the  past  tried  to 
do  the  same  thing  with  the  same  desire,  with  which,  I  trust, 
you  will  approach  the  matter,  namely  to  arrive  at  a  right 
and  just  solution,  if  it  is  given  to  mortal  man  to  do  so. 

I  again  thank  you  for  your  kind  hospitality  to-night 
and  wish  all  prosperity  to  your  great  Institute. 

Sir  G.  C.  Godfrey  proposed  the  toast  of  "The  Mineral 
Industries  of  India."     He  said  : — 

Mr.  President  and  Gentlemen, — I  suppose  there  is 
nobody  here  to-night  who  really  misses  the  absence  of  His 
Excellency  the  Governor  more  than  mj'self,  because  if  he 
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had  been  here  this  evening  I  would  have  remained  silent. 
However,  as  His  Excellency  is  not  present  I  am  asked  to 
propose  the  toast  of  the  Mineral  Industries  of  India,  and  I 
am  happy  in  having  this  toast  allotted  to  me,  for  it  is  a  sub- 
ject which  attracts  me  strongly  and  I  may  say  lies  very  near 
my  heart.  Perhaps  this  sounds  somewhat  romantic  lan- 
guage to  use  of  such  prosaic  things  as  minerals,  but  for  those 
who  look  back  on  the  wonderful  expansion  of  mineral  pro- 
duction in  this  country,  and  also  have  imagination  enough 
to  look  forward  into  a  future  of  infinitely  more  wonderful 
production,  the  vision  is  one  full  of  glamour  and  romance. 

The  mineral  history  of  India  stretches  far  back  into 
the  ages  ;  there  are  accounts  of  diamonds  being  found  34 
centuries  ago,  and  20  centuries  back  gold  was  in  such 
abundance  as  to  earn  for  India  a  reputation  of  great 
wealth.  It  is  curious  for  us  Moderns  to  read  of  the  methods 
of  gold  working  in  use  by  the  Ancients,  some  accounts  of 
which  have  come  down  to  us.  One  of  the  most  interesting 
is  that  related  by  Herodotus,  the  Father  of  History.  In 
all  good  faith  he  tells  of  a  race  of  ants  in  the  land  of  the 
Indians,  bordering  on  Kashmir,  which  made  their  dwell- 
ings underground,  and  threw  up  sand  heaps  as  they  bur- 
rowed, the  sand  which  they  threw  up  being  full  of  gold. 
The  ants  were  believed  to  be  so  swift  and  fierce  that 
the  Indian  gold-gatherers  when  scented  by  the  ants  could 
escape  only  if  mounted  on  the  swiftest  camels. 

This  delightful  myth  was  cruelly  dispelled  by  Profes- 
sor Schiern  in  modern  times,  who  decided  that  the  ants 
were  men  of  flesh  and  blood,  Tibetan  miners,  whose  mode 
of  life  and  dress  were  in  days  of  antiquit}'  the  same  as  in 
modern  times. 

But  in  spite  of  ancient  enterprise,  there  have  been 
long  dull  spells  of  absolute  quiescence  and  there  was  no 
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movement  of  constant  and  wonderful  progression  such  as 
we  have  seen  through  the  last  30  years.  My  experience  of 
India  dates  back  only  to  the  early  nineties,  very  soon 
after  that  great  gold  boom  which  had  such  disastrous 
results  for  many  people  out  here.  But  though  that  bubble 
scheme  came  to  nothing,  the  gold  of  Mysore,  undaunted 
by  bad  example,  and  in  spite  of  many  difficulties,  calling 
for  much  expenditure  of  capital,  overcame  all  obstacles  and 
became  a  valuable  asset  for  India  and  a  worthy  successor 
in  our  day  to  the  gold  production  of  past  centuries. 

_A.nd  during  the  30  years  that  dull,  black,  dirty,  but 
very  essential  mineral,  coal,  has  been  steadily  making  way 
and  gaining  ground  in  that  period  :  it  has  increased  tenfold. 
The  development  of  the  Indian  coalfields  has  for  long  been 
of  close  concern  to  me  and  my  work ;  for  the  last  year 
and  more  I  have  thought  of  little  else  but  coal  and  have 
been  brought  into  such  close  contact  with  the  big  world  of 
coal,  that  perhaps  I  am  inclined  to  exaggerate  its  immense 
interests  and  possibilities.  But  all  mineral  development 
and  industrial  progress  in  India  must  depend  so  largely 
on  coal  that  really  it  is  impossible  to  exaggerate  its  im- 
portance. 

However,  on  this  absorbing  subject  I  must  not  dwell, 
nor  lose  sight  of  other  minerals  included  in  my  toast.  It 
would  take  too  long  to  mention  all  or  even  a  fair  propor- 
tion of  the  valuable  minerals  of  this  great  Continent,  but  I 
cannot  omit  a  reference  to  iron. 

For  years  the  existence  in  India  of  good  iron  ores  was 
realized,  though  little  or  no  use  was  made  of  them  ;  but 
when  the  Bengal  Iron  &  Steel  Co.  revived,  and  the  Tata 
Steel  Works  came  into  being,  the  huge  iron  ore  deposits  of 
the  country  suddenly  acquired  value,  and  have  since  pro- 
duced vast  wealth  for  India.     During  the  years  of  the  war, 
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they  have  provided  materials  for  many  all- important 
articles  of  iron  and  steel,  which  it  was  impossible  to  supply 
from  Europe,  and  the  absence  of  which  must  have  serious- 
ly handicapped  this  country  and  military  operation  out- 
side. 

The  rise  and  development  of  the  Tata  Steel  Works  is 
a  romance  in  itself ;  only  a  few  years  ago  a  solitary  jungle 
spot,  now  a  thriving  city  of  many  thousand  inhabitants 
whose  existence  centres  around  the  great  furnaces,  whose 
blaze  can  be  seen  at  nights,  lighting  up  the  country  for 
miles  around. 

Such  enterprises  give  one  a  vision  of  the  future  which 
mam7  of  us  here  present  may  live  to  see  realized — a  vision 
of  development  far  beyond  anything  we  have  seen  as  yet 
Furnaces,  smelter  works,  rolling  mills,  workshops,  quar- 
ries and  mines,  filled  by  a  huge  army  of  trained  labour 
drawn  from  the  peoples  of  India,  and  supervised  by  expert 
foremen  of  the  same  race ;  and  in  the  background  of  the 
picture  the  steamers  of  the  world  plying  to  and  fro,  carry- 
ing away  minerals  and  products  that  India  can  spare,  her 
iron,  gold,  copper,  and  all  the  untold  wealth  that  still  lies 
hidden  beneath  her  soil  to  be  set  free  by  future  genera- 
tions. 

That  is  a  big  field  for  thought  and  wonder  and  imagi- 
nation, and  though  we  shall  not  all  of  us  see  the  full  reali- 
zation of  vast  enterprises,  many  here  present  will  contribute 
their  labour  and  brain  and  abilities  to  make  this  vision  a 
fact. 

But  to  do  this,  two  things  are  essential,  and  those  are 
capital  and  transport.  Capital  will  not  become  available 
unless  we  have  a  reliable  and  stable  Government.  This  is 
not  the  time  or  place  to  discuss  the  merits  of  the  Reform 
Scheme,  or  of  new  constitutions,  but  it  is  not  to  be  for- 
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gotten  that  only  a  sound  and  reliable  Government  will 
attract  the  investment  of  capital  in  India,  on  which  our 
hopes  depend. 

As  for  transport,  we  want  more  railways  and  better 
equipped  railways,  and  this  end  can  only  be  attained  by  a 
far  more  liberal  financial  policy  than  has  been  considered 
necessary  in  the  past.  The  secret  of  overseas  trade  is 
plenty  of  good  ports,  situated  where  railways  can  readily 
feed  them  without  causing  congestion,  and  retarding  pro- 
gress. This  will  be  one  of  the  foremost  duties  of  the  Gov- 
ernment of  this  land,  immediately  and  in  the  future,  the 
financing  of  transport,  and  all  it  means,  on  such  a  liberal 
basis,  that  capitalists  shall  have  no  grounds  for  fearing 
their  ventures  may  be  strangled  by  lack  of  means  for 
removing  their  minerals  and  manufactures. 

I  am  optimistic  enough,  Gentlemen,  to  believe  that  the 
Government  of  this  country  will  rise  to  the  occasion,  will 
take  up  the  burden  and  will  prove  worthy  of  this  great 
trust,  and  that  India  is  on  the  eve  of  a  great  industrial 
development,  in  which  her  mineral  resources  must  play  a 
very  large  part. 

And  in  this  belief  and  hope,  which  I  do  most  fervently 
hold,  I  give  you,  Gentlemen,  the  toast  of  "  The  Mineral 
Industries  of  India." 

The  Hon'ble  Mr.  F.  M.  Watson  Smyth,  who  responded, 
said  : — 

Mr.  President  and  Gentlemen, — -It  is  my  privilege  to- 
night to  reply  to  the  toast  of  "  The  Mineral  Industries  of 
India,"  and  in  doing  so  I  have  to  thank  the  mover  for 
proposing  this  toast  and  for  the  interesting  speech  that  he 
has  made  us.  I  hope — and  I  am  sure  we  all  hope — that  the 
picture  he  has  so  skilfully  drawn  of  the  mineral  future  of 
this  country  may  be  fulfilled.    He — no  doubt  partly  through 
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modesty,  partly  by  his  official  position — has  left  coal  very 
much  in  the  background. 

It  is  unfortunately  my  duty  to  bring  it  somewhat  to 
the  forefront  of  my  speech.  I  may,  perhaps,  apologise  for 
that  by  saying  that  I  am  somewhat  ignorant  of  the  other 
features  of  the  mineral  industry,  but  still  I  think  you  will 
all  admit  that  coal  comes  very  much  to  the  fore  when  dis- 
cussing this  very  great  subject. 

Mineral  industries  in  India  or  any  other  country  are 
the  combination  of  two  elements,  namely  the  gifts  of 
Nature  and  the  industry  and  intelligence  of  men.  When 
we  look  at  India,  and  especially  Bengal,  and  our  lately 
severed  limb,  now  called  Bihar  and  Orissa,  we  see  that 
Nature  at  any  rate  has  played  her  part  with  a  lavish  hand. 
It  is  not  necessary"  to  enumerate  the  great  deposits  of 
minerals  which  are  known,  and  the  probability  is  that 
there  are  other  and  possibly  larger  deposits  which  the 
sleuth-hounds  of  the  Geological  Dept.  and  of  private  enter- 
prise have  not  yet  traced.  But  what  about  the  industry 
and  intelligence  of  man  ?  Have  we  too  played  our  part  ? 
Have  we  done  our  best  ?  We  have  had  great  difficulties  to 
contend  with,  and  we  have  been  met  by  much  discourage- 
ment, but  progress  has  been  made.  Great  steel  works  are 
utilizing  the  deposits  of  valuable  ore,  and  these  are  increas- 
ing both  in  number  and  in  size,  and  many  industries 
based  on  mineral  products  are  being  started  and  projected. 
Of  all  these  mining  industries,  there  is  one  that  is  of  keen 
interest  for  us  in  Calcutta,  and  it  is  the  one  on  which  it  is 
fair  to  claim,  that  all  industries  are  based.  You  cannot 
run  any  industry  in  which  machinery  takes  a  part  without 
power.  Power  can  be  produced  from  natural  sources,  or 
by  artificial  means.  Natural  sources  have  been  tried  to  a 
certain  extent ;  waterfalls   have   been   harnessed ;    power 
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has  been  generated  b}^  the  formation  of  artificial  lakes  on 
the  top  of  hills,  but  these  methods  have  their  drawbacks 
as  the  Bombay  mills  are  now  finding  out  to  their  cost. 
The  great  mainstay  of  power  is  coal,  and  therefore  the 
great  coal-fields  of  Bengal  and  Bihar  and  Orissa  can  be 
said  to  represent  the  power  that  is  required  for  practi- 
cally all  industries.  It  has  been  truly  said  on  a  similar 
occasion  to  this,  by  a  predecessor  of  mine,  that  we,  i.e.  the 
Government  and  the  Coal  Mining  Industry,  are  the  custo- 
dians of  the  power  for  the  future.  We  are  in  fact  trustees 
,_of  a  great  national  asset,  and  it  may  be  as  well  to  con- 
sider for  a  moment  how  that  trust  has  been  carried  out  in 
the  past  and  what  are  the  prospects  for  the  future.  I  am 
afraid  it  must  be  admitted  that  our  efforts  in  the  past 
have  been  bad.  I  think  that  we  have  done  our  best,  but 
the  result  has  been  bad,  and  what  has  been  the  reason  ? 
It  has  not  been  want  of  intelligence  or  knowledge.  The 
old  country  has  given  us  of  her  "best  in  mining  intellect. 
The  reason,  however,  is  not  far  to  seek.  It  is  poverty. 
We  have  never  had  the  money  to  develop  our  mines  as 
they  should  be  developed,  and  we  have  not  got  it  now. 
The  industry  has  been  forced  by  circumstances  into  being 
a  sort  of  machine  for  turning  out  cheap  coal,  and  the 
result  has  been  disastrous.  The  blame  for  this  state  of 
things  rests,  not.  with  the  mining  industry  so  much,  as 
with  the  Government.  It  has  been  their  policy  to  see  how 
cheap  their  coal  can  be  bought,  and,  as  far  as  that  policy 
goes,  they  have  been  absolutely  successful.  By  means  of 
a  purchasing  combine  which  in  some  countries  would  be 
illegal,  they  have  for  many  years  kept  the  price  of  coal 
down  to  a  point  where  scientific  working  is  impossible. 
Our  only  chance  of  making  a  living  is  to  keep  our  working 
costs  so  low  that  the   work  has  been  bad.     What  this 
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policy     has    cost    it    would    be    a    bold    man    who    would 
attempt  to  estimate  in  figures.     Mr.  Treharne  Rees,  when 
he  has  finished  his  investigations  and  written  his  report, 
may  be  able  to  give  us  some  idea  ;  but  it  is  safe  to  say 
that  a  great  national  asset  has  been  disastrously  wasted, 
and  we  must  now  not  only  make  up  our  minds  to  do  better 
in  the  future,  but  also  to  atone  for,  and  to  pay  for,  the  sins 
of  the  past.     Things  are  somewhat  better  at  the  moment, 
and  I  say  this  even  though  this  betterment  is  threatened  by 
the  dark  cloud  of  the  excess  profits  tax.     Thanks  chiefly 
to  my   friend,  Sir  George  Godfrey,  and  thanks  partially, 
I  think  I  may  say,  to  the  Indian  Mining  Association,  the 
standard  of  rates  are  now  on  a  fairer  and  more  equitable 
basis.     Heaven  forbid  that  I  should  say  that  we  are  satis- 
fied.   I  should  be  torn  to  pieces  by  my  colleagues  if  I  com- 
mitted myself  to  any  statement  like  that  ;  but  this  I  will 
say,  that  we  are  now  on  a  basis  which  we  should  like  to 
see  at  any  rate  maintained.       What  is  to  happen  in  the 
future,  whether  we  are  to  run  on  better  lines,  or  to  relapse 
to  the  bad  conditions  of  the  past,  is  really  in  the  hands  of 
Government.     In  normal  times,  and  in  most  trades,  de- 
mand and  supply  rule  the  market,  and  we  are  content  to 
have   it  so,  but  the  coal  trade    is   different   because   the 
largest   purchaser  by  far  is  Government.     The  critics  of 
the  Association  say  that  the  fault  of  low  prices  is  ours  be- 
cause we  do  not  combine.     Our  combination  is  certainly 
bad,   but   it  is  in  any  case  difficult  to  combine  against 
Government ;  they  are  too  strong  and  in  the  case  of  coal 
they  are    armed  with  a    thick    stick  called   "  Control  of 
Wagons,"    which  terrifies  most   of  us.     I  therefore    take 
this  opportunity  of  making  an   appeal   to  Government. 
I  do  not  appeal  to  their  generosity  because  in  the  first 
place  the  trade  wants  justice,   not  charity ;  and  in   the 
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second   place,    although   we  know  that    individually    the 
members  of  Government  are  generosity  personified,  collec- 
tively such  a  sentiment  is  unknown.    I  appeal  therefore  to 
their  common  sense.     Don't  let  us  go  back  to  the  bad  old 
days  and  bad  old  methods.     Don't  let  us  go  back  to  that 
senseless  method  of  purchasing  by  open  tender  which  is 
liable  to  such  abuse.     For  the  future  don't  put  too  much 
power  in  the  hands  of  one  man.     Don't  make  it  possible 
for  an  official  to  be  able  to  go  to  a  coal  company,  and  say 
I  am  going  to  have  your  coal  at  my  price,  and  not  at  yours, 
and  if  you  do  not  agree  you  shall  have  no  wagons.     Don't 
let  it  be  possible  that  any  mild  form  of  combination  on  the 
part  of  coal  companies  in  order  to  get  a  living  wage  can  be 
met  by  a  system  of  Government  boycott  under  which  the 
railways  are  compelled  to  burn  rubbish  until  the  owners  of 
first-class    coal    are    what   is   called    "brought    to    their 
senses  "  ;  and  lastly,  don't  place  any  man  in  such  a  posi- 
tion, that  he  can  be  tempted  to  play  havoc  with  a  great 
industry  in  the  hope  of  picking  up  a  CLE.  amongst  its 
ruins.    I  do  not  for  a  moment  suggest  that  these  things  have 
happened  in  the  past.     I  only  mention  them  as  things  to  be 
avoided  in  the  future,  when  the  control  is  withdrawn.     So 
much  for  my  destructive  advice.     Have  I  got  anything  con- 
structive to  suggest  ?     Simply  this  :   Can  we  not  in  future 
settle  the  rates  of  coal — not  by  competition,  but  by  nego- 
tiation ?     Cannot  representatives  of  Government,  the  great 
Railways  and  the  Indian  Mining  Association,  meet  and 
settle   the  whole  thing  across  a  table  ?     The  prize  (for  a 
railway   contract   is   undoubtedly  a  prize)    will   then   be 
awarded  for  efficiency  and  not  for  cheapness.     The  colliery 
who  develops  properly,  raises  scientifically  and  loads  with 
care  is  the  colliery  that  will  get  a  railway  contract.     Am  I 
asking  for  a  state  of  things  too  Utopian  ?     I  do  not  know. 
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I  hope  not.  In  my  opinion  it  only  requires  one  strong 
man  in  the  Government  to  bring  these  things  to  pass,  and 
if  such  a  man  arises,  and  if  he  effects  such  a  reformation 
in  the  coal  trade,  then  he  will  deserve  any  honour  which 
Government  is  pleased  to  give  him,  and,  what  is  far  higher, 
he  will  earn  the  gratitude  of  a  great  industry  and  know 
that  he  has  helped  to  preserve  a  national  asset  for  the 
Empire. 

Mr.  S.  G.  L-  Eustace,  in  proposing  the  toast  of  "  The 
Guests,"  said  : — 

Mr.  President  and  Gentlemen, — I  have  the  pleasant 
task  of  proposing  the  health  of  our  guests  who  are  with  us 
to-night.  I  may  be  permitted,  on  an  occasion  like  this,  to 
remark  that  this  is,  perhaps,  the  most  important  toast 
which  can  be  proposed  and  one  which,  I  am  sure,  you  will 
all  heartily  respond  to.  I  think  I  may  safely  say  that 
none  of  our  guests  to-night  have  been  treated  in  a  manner 
similar  to  that  of  a  guest  at  one  of  the  annual  dinners  of 
one  of  our  great  City  Companies.  On  that  occasion  the 
guest  endeavoured  to  draw  an  elderly  member  into  con- 
versation and  after  many  attempts  all  the  reply  he  received 
was,  "  Young  man,  I  have  come  here  to  eat  and  not  to  talk." 
I  think  that  has  not  been  the  case  with  us  to-night. 

The  only  other  occasion  upon  which  I  have  previously 
been  called  upon  to  propose  the  toast  of  the  guests  was  at 
the  annual  dinner  of  a  certain  Club  which  shall  be  name- 
less. I  did  so.  The  toast  was  duly  honoured,  but  the  re- 
sult was  disastrous,  as  within  six  months  the  Club  came 
to  an  untimely  end.  I  trust  the  same  fate  does  not  await 
us.  There  is  one  thing  against  me,  and  that  is  that  this  is 
the  13th  Anniversary  of  our  Institute.  This  is  the  first 
occasion  on  which  we  have  met  since  the  commencement 
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of  the  great  and  terrible  war,  and  I  am  sure  we  are  very 
glad  to  start  our  annual  dinners  again  and  to  welcome 
our  guests  here.  I  have  to  express  the  pious  hope  that 
our  Annual  Meetings  will  not  again  be  interrupted  by 
similar  causes,  and  that  we  shall  amidst  peace  and  pros- 
perity continue  to  offer  our  hospitality  to  our  guests.  We 
gladly  welcome  our  guests  to-night. 

It  is  possible  that  some  of  our  guests  do  not  really  know 
who  we  are  or  what  we  are.  I  should  therefore  like 
to  enlighten  them  on  the  subject.  We  are  an  institution 
whose  primary  object  is  to  obtain  all  information,  scientific 
and  practical,  on  mining  and  geological  subjects,  for 
the  benefit  of  all,  and  to  embody  such  information  in  our 
maps  and  in  our  Journal.  Our  existence  is  therefore 
chiefly  altruistic,  but  at  the  same  time  most  of  us  have 
an  eye  on  the  main  chance,  which  perhaps  is  not  un- 
natural. 

It  is  not  for  me,  Mr.  President,  to  comment  on  your 
speech  to-night,  but  I  feel  that  I  am  voicing  the  views  of 
all  members  present  in  expressing  our  regret,  owing  to 
circumstances  over  which  he  had  no  control,  at  the  ab- 
sence of  His  Excellency  the  Governor,  who  was  to  have, 
been  our  principal  guest  to-night.  We  have,  however, 
been  honoured  by  the  presence  of  two  senior  members  of 
the  Government  of  Bengal,  Sir  Henry  Wheeler  and  Mr.  J. 
G.  Cumming,  whom  we  all  welcome  here  to-night.  We  all 
know  the  interest  they  take  in  matters  mining  and  geo- 
logical, and  their  presence  on  this  occasion  is  therefore 
doubly  gratifying.  In  proposing  the  toast  of  "  Our 
Guests"  I  wish  to  couple  with  it  the  name  of  Mr.  J.  G. 
Cumming.  -  a. 

Gentlemen,  I  ask  you  to  drink  to  the  health  of  our 
guests. 
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The  Hon'ble  Mr.  J.  G.  Cumming,  who  responded, 
said  : — 

Mr.  Chairman  and  Gentlemen, — I  am  well  aware  that 
the  toast  of  "The  Guests  "  is  always  received  most  kindly 
at  gatherings  of  this  nature,  and  in  rising  to  respond  to  the 
toast  which  has  been  proposed  with  such  wit  and  discretion 
by  Mr.  Eustace  I  desire  to  add  my  corroboration  to  the 
remarks  of  your  President  regarding  the  unfortunate 
absence  of  His  Excellency.  We  all  deplore  with  him  the 
reason  for  that  absence,  and  I  particularly  have  reason  to 
do  so  because  I  feel  sure  that  if  Lord  Ronaldshay  had 
been  present  the  response  to  this  toast  would  have  been 
entrusted  to  more  worth}'  hands.  Nevertheless  I  appre- 
ciate the  compliment.  I  have  little  reason  of  my  own  to 
speak  on  behalf  of  mining,  but  I  have  had  a  small  apprentice- 
ship in  that  I  have  visited  all  the  coalfields  in  Giridih, 
Jharia  and  Raniganj.  On  one  occasion  I  had  a  unique 
experience  in  that  I  went  down  what  was  then  the  deepest 
pit  in  India.  On  behalf  of  my  fellow-guests  I  desire  to 
offer  to  Mr.  Eustace  and  yourself  our  sincere  thanks  for 
the  kind  way  in  which  you  have  received  this  toast.  We 
appreciate  very  much  your  kindness  in  inviting  us  here, 
and  we  also  thank  you  for  your  bounteous  hospitality. 

We  cannot  all  be  geologists  and  mineralogists,  but 
those  who  are  not  can  encourage  the  good  action  of  those 
who  are  ;  and  I  am  sure  that  if  Aristotle  had  been  alive  to- 
day he  would  have  said  that  for  geologists  to  entertain  non- 
geologists  was  on  the  whole  a  good  action.  Mr.  Eustace 
has  reminded  us  that  the  Institute  has  altruistic  aims; 
and  I  am  sure  that  my  fellow-guests  will  agree  with  me 
when  I  say  that  at  the  present  time  an  Institute  of  this 
nature  which  is  intended  to  develop  and  establish  the 
mineral    industries  of  this  great   country   deserves  every 
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encouragement  from  the  people  and  from  Government.  Not 
so  very  long  ago  I  read  in  a  book  relating  to  the  subject 
of  geology,  which  is  a  personal  hobby  of  mine,  the  rather 
significant  remark  that  if  India  were  entirety  isolated 
from  the  rest  of  the  world  the  minerals  which  she  could 
produce  within  her  own  borders  would  suffice  for  every 
requirement  of  civilization.  This  is  a  very  remarkable 
fact,  but  nevertheless  I  think  you  will  have  noticed  that 
in  India  there  are  two  schools  of  thought  on  the  subject. 
There  is  one  school  the  numbers  of  which  hold  that  they 
would  rather  see  the  minerals  remain  in  the  earth  and 
undeveloped  than  that  such  minerals  should  be  developed 
at  the  hands  of  alien  enterprise.  There  was  one  famous 
man  on  the  Bombay  side  with  a  great  reputation  for  states- 
manship who  gave  utterance  to  that  opinion — quite  in 
discord  with  his  other  sentiments.  Another  great  man 
on  the  Bombay  side,  Justice  Ranade,  once  said  that  he 
thought  India  ought  to  take  every  measure  possible  to 
obtain  Western  skill,  and  Western  machinery,  and  develop 
her  resources  until  the  time  came  when  the  people  of  India 
had  learnt  their  lesson  and  were  able  to  do  without  assis- 
tance. I  think  if  one  considers  these  two  schools  of 
thought  one  will  realize  that  this  Institute  is  able  in  some 
measure  to  meet  both  points  of  view.  As  regards  the 
study  of  scientific  facts  and  the  collection  of  the  same,  it 
takes  the  place  of  a  learned  Society ;  and  so  far  as  it  makes 
the  material  available  to  the  professional  man  it  takes  the 
part  of  an  active  living  coadjutor  of  industry. 

I  therefore  desire  now  to  thank  you  again  for  the 
kind  way  in  which  this  toast  has  been  received  and  to  say 
in  conclusion  that  I  wish  the  Institute — at  the  birth  of 
which  I  was  present  a  little  over  ten  years  ago — every  suc- 
cess and  prosperity. 
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Dr.  L.  L.  Fermor,  in  proposing  the  toast  of  the  Presi- 
dent, said  : — 

Mr.  President  and  Gentlemen, — It  is  with  the  greatest 
of  pleasure  that  I  rise  to  propose  the  toast  of  our  Presi- 
dent. Mr.  Lathbury  is  an  old  friend  of  many  of  us.  I 
well  remember  the  first  time  I  met  him.  It  was  in  a  very 
appropriate  setting,  namely  underground  in  a  Giridih  mine, 
where,  on  one  of  the  excursions  of  this  Institute,  he  was 
demonstrating  to  the  members  how  to  drop  a  seam  of 
coal  and  leave  a  clean  roof.  It  was  a  source  of  great 
pleasure  to  many  of  us  when,  some  years  ago,  Mr.  Lath- 
bury  was  appointed  Superintendent  of  the  East  Indian 
Railway  collieries,  and  those  of  us  who  have  visited 
Giridih  recently  must  have  noticed  how  the  work  of  a 
line  of  able  Superintendents  has  been  ably  continued. 
In  addition  to  this  work  at  Giridih,  our  President  has 
had  the  privilege  of  laying  out  a  new  colliery  on  the 
surprising  Kargali  seam  in  the  Bokaro  coalfield.  At  a 
meeting  of  the  Council  of  the  Institute  this  morning  Mr. 
Lathbury  announced  his  intention  of  inviting  the  Institute 
to  visit  this  colliery,  where  we  shall  have  an  opportunity 
of  examining  cliffs  of  coal  50  feet  high  and  over.  In  his 
excellent  address  this  morning  our  President  referred  to 
the  restricted  quantities  of  coking  coal  available  in  India  ; 
but  if  the  rumour  be  true  that  hard  coke  has  been  made 
from  the  Kargali  coal,  then  Mr.  Lathbury  has  himself 
contributed  towards  increasing  largely  our  available  sup- 
plies of  coking  coal.  Whilst  engaged  myself  in  prospect- 
ing the  Bokaro  field,  I  had  frequent  occasions  to  rely  on 
Mr.  Lathbury  for  the  provision  of  labour  and  materials, 
and  the  rapidity  with  which  all  help  was  forthcoming 
from  Mr.  Lathbury  or  his  staff  convinces  me  that  the  In- 
stitute has  done  vers*  well  in  asking  Mr.  Lathbury  to  pre- 
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side  over  its  deliberations  during  the  coming  year.  I  will 
now  ask  you  to  join  me  in  drinking  the  health  of  our  new 
President. 

The  President,  in  reply,  said  : — 

Gentlemen, — I  understand  that  etiquette  demands  that 
the  President  in  replying  to  the  toast  of  his  health  must 
confine  himself  to  a  speech  lasting  not  more  than  one  and 
a  half  minutes.  I  call  this  an  excellent  rule  and  I  can 
promise  that  it  shall  be  strictly  carried  out  by  me. 

Well,  Gentlemen,  I  thank  you  for  the  kind  way  in 
which  }rou  have  drunk  my  health,  and  I  thank  Dr.  Fermor 
for  the  very  kind  words  in  which  he  proposed  it.  As  I 
told  you  this  morning,  during  my  term  of  office  as  Presi- 
dent anything  that  I  can  do  to  further  the  interests  of 
the  Institute  shall  be  done  by  me. 

Before  sitting  down  there  is  one  matter  I  would  like 
to  mention,  and  that  is  that  we  are  extremely  lucky  in 
having  two  posts  in  connection  with  the  Institute  very 
well  filled.  I  refer  to  the  post  of  Honorary  Secretary,  the 
duties  of  which  are  so  ably  carried  out  by  Mr.  Roberton, 
and  the  other  post  is  that  of  the  Editor  of  Transactions 
and  Honorary  Treasurer,  the  duties  of  which  are  also  most 
ably  carried  out  by  Dr.  Hayden. 

We  are  very  much  indebted  to  both  these  gentlemen 
for  the  very  considerable  amount  of  time  they  give  up  to 
this  work,  and  I  am  glad  of  being  able  to  take  this  oppor- 
tunity on  behalf  of  the  members  of  the  Institute  of  pub- 
licly expressing  our  gratitude. 


Sedimentary  Origin  of  the  Dharwars. 

BY 

A.   Ohose,    F  C.S.,   F.G.S. 

(With  i  plate.) 

The  Dharwars,  to  which  the  present  paper  specially 
relates,  form  the  range  of  hills  constituting  a  syncline, 
which  occupies  nearly  the  entire  area  of  the  Sandur  State 
in  the  Madras  Presidency.  The  rocks  of  the  Dharwar 
system  which  are  locally  conspicuously  developed,  consist 
of  considerable  thicknesses  of  a  magnetite-bearing  siliceous 
slate,  phyllites  and  banded  ferruginous  quartzites  approach- 
ing jasper  in  appearance.  Interstratified  basic  igneous 
rocks  and  intruded  diorite  dykes  occupy  a  minor  position 
as  regards  their  distribution.  The  western  limb  of  the 
Sandur  syncline  is  chief!}"  composed  of  phyllites  and  hae- 
matite, magnetite  and  limonite-quartzites,  which  consti-. 
tute  a  great  iron  and  manganese-ore  bearing  formation  in 
which  extensive  deposits  of  haematite  and  manganese-ore 
occur  side  by  side. 

The  sedimentary  origin  of  the  Dharwars  has  been 
recognized  by  the  Geological  Survey  of  India  since  the  dis- 
covery of  this  rock  series  by  Foote  in  the  neighbourhood 
of  the  town  of  Dharwar.  In  his  memoir  on  the  geology 
of  the  Bellary  District,  Foote  refers  to  a  number  of  occur- 
rences of  conglomerates  in  the  Dharwar  rocks  of  the 
Copper  Mountain  and  the  Sandur  Hills.  Maclaren  has  also 
recorded  the  occurrence  of  boulder  beds  and  pebbly  con- 
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glomerates  in  the  Gadag  Band  of  the  Dharvvars  and  has 
indicated  their  sedimentary  origin.  Referring  to  the 
presence  of  conglomerates  in  the  Dhanvar  rocks,  Sir 
Thomas  Holland  says:  "Limestones  are  comparatively 
rare  in  the  Dharwar  system,  but  they  occur  occasionally, 
and  so,  too,  do  true  conglomerates  which,  notwithstanding 
the  difficulty  with  which  they  are  distinguished  from  auto- 
clastic  or  crush  conglomerates,  may  be  taken  as  evidence 
of  real  water  action  in  Dharwar  times."  But  the  geolo- 
gists of  Mysore  maintain  that  the  members  of  the  Dhar- 
war system  are,  without  exception,  of  igneous  origin  and 
that  the  pebbles  are  mere  crush  conglomerates.  These 
sweeping  conclusions  are  not,  however,  supported  by  the 
petrological  investigations  carried  on  in  the  Archaean 
areas  in  other  parts  of  India,  b}~  Messrs.  Middlemiss, 
Fermor,  Burton  and  Fox,  whose  researches  go  far  to  estab- 
lish the  theory  of  the  sedimentary  origin  of  rocks  which 
were  once  considered  to  be  of  purely  igneous  character. 
These  investigations  have  been  reviewed  by  Mr.  Middlemiss 
in  his  address  to  the  geological  section  of  the  Indian 
Science  Congress  in  191 7. 

Structural  and  petrological  evidences  do  not  appear  to 
suffice  to  reconcile  conflicting  opinions  and  to  supply  con- 
clusive proof  as  to  the  sedimentary  origin  of  this  ancient 
and  complex  series  of  rocks.  Geologists  in  India  have 
been  too  prone  to  believe  that  these  rocks  are  absolutely 
devoid  of  fossils  in  spite  of  abundance  of  evidence  of  life, 
having  been  discovered  by  the  American  geologists  in  what 
have  been  considered  as  the  equivalents  of  the  Dharwars  in 
the  Lake  Superior  region.  Mr.  Middlemiss  has  laid  special 
stress  on  the  well-bedded,  current-bedded  and  ripple-marked 
quartzites  known  as  the  Delhi  quartzite.  Although  the 
author  of  this  paper  has  frequently  observed  ripple  mark- 
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ings  in  the  Kadapa  and  Kurnool  rocks,  he  has  not  yet 
come  across  such  markings  in  the  Sandur  Dharwars,  the 
members  of  which  all  appear  to  be  of  sedimentary  origin 
with  the  exception  of  the  basic  igneous  rocks  and  diorite 
dykes.  Oolites  and  pisolites  of  haematite  and  psilomelane 
occur  frequently  in  the  Sandur  deposits,  but  their  genesis 
has  not  yet  been  worked  out. 

Maclaren  has  noticed  that  certain  argillites  "  though 
red  on  the  surface,  the  deep  workings  of  the  Dharwar  Gold 
Mines  show  the  rock  to  be  black  and  carbonaceous  in  depth. 
It  is  to  the  well-known  reducing  power  of  carbonaceous 
matter  on  ferrous  salts  that  the  pyrites  crystals  owe  their 
origin.  There  can  be  little  doubt  that  these  argillites  re- 
present original  carbonaceous  shale  and  it  is  in  the  most 
highly  carbonaceous  band  that  the  Kabulayat  Katti- 
Sangli  series  of  reefs  is  contained."  But  Maclaren  does 
not  enter  into  any  speculation  on  the  igneous  or  organic 
origin  of  the  carbonaceous  matter.  In  the  Lake  Superior 
iron-ore  districts,  great  beds  of  iron  carbonate  and  carbon- 
aceous schists  occur,  which  have  long  been  considered  as 
evidence  of  life  in  the  Precambrian  period.  Xo  carbon- 
aceous schist  or  iron  carbonate  has  yet  been  found  in  the 
Dharwar  series  of  Sandur  and  we  are  still  in  the  dark  as  to 
the  real  origin  of  the  immense  beds  of  haematite  which  are 
so  conspicuous  locally.  Van  Hise  and  Leith  have  come  to 
the  conclusion  that  the  iron-ore  deposits  of  the  Lake 
Superior  region  were  formed  under  conditions  of  chemical 
and  organic  sedimentation. 

The  theory  of  the  precipitation  of  manganese  through 
the  intervention  of  marine  organisms  led  the  present 
writer  to  examine  carefully  numerous  rock  specimens  col- 
lected in  the  immediate  neighbourhood  of  the  manganese- 
ore  deposits  of  the  Sandur  Hills.      Although  no  markings 
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were  ordinarily  visible,  specimens  of  phyllite  (designated 
as  argillite  by  Foote) ,  when  polished  along  bedding  planes, 
revealed  distinctive  markings,  unmistakably  suggestive  of 
an  organic  origin.  Several  specimens  of  fresh  and  also 
chemically  altered  phyllite  collected  from  the  footwall  of 
the  manganese-ore  deposit  known  as  Budhana  Gundu 
clearly  showed  such  markings.  Layers  of  wad  interleaved 
with  phyllite  also  exhibited  on  polishing  what  appeared  to 
be  tracks  of  some  organism.  A  slab  of  pink  argillite, 
collected  from  the  footwall  of  the  manganese-ore  deposit 
known  as  Hatti  Penta,  was  found  to  consist  of  polygonal 
sections  cemented  by  psilomelane  filling  up  fissures,  as 
illustrated  in  the  accompanying  photograph.  According 
to  the  explanation  advanced  by  Dr.  Fermor  (Memoirs, 
Geological  Survey  of  India,  Vol.  XXXVII,  p.  1009),  this 
appearance  may  be  explained  as  due  to  concretionary 
origin  ;  but  another  possible  interpretation  is  that  these 
fissures  were  originally  sun-cracks.  In  the  accompanying 
photograph  the  polished  surface  shows  several  markings 
which  the  author  interprets  as  the  tracks  and  impressions  of 
organisms.  Similar  markings  are  found  in  rocks  of  all  ages, 
some  of  which  are  of  organic  origin  and  some  of  which  are 
not,  and  in  many  cases  it  is  impossible  to  express  a  certain 
opinion  with  reference  to  the  origin  of  such  markings.  Thus 
Mr.  Vredenburg  in  his  paper  entitled  "  Pseudo-Fucoids  from 
the  Pab  Sandstones  at  Fort  Munro  and  from  the  Vindhyan 
Series"  (Records,  Geological  Survey  of  India,  Vol.  XVI, 
p.  247)  has  discussed  critically  certain  such  markings  on 
rocks  from  the  two  formations  na  med,  and  has  in  some  cases 
been  able  definitely  to  assign  them  an  organic  origin  and 
in  others  been  compelled  to  leave  the  question  indeter- 
minate. 

Summarising  the  foregoing  pages,  we  may   say   that 
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possible  evidence  of  the  existence  of  organic  life  in  Dhar- 
war  times  and  consequently  of  the  sedimentary  origin  of  a 
portion  of  the  Dharvvars  is  afforded  by  the  presence  of  car- 
bonaceous matter  and  of  contemporaneous  manganese-ore 
and  iron-ore  deposits  and  by  the  existence  of  certain 
markings  which  may  be  of  organic  origin. 


Bokaro  Meeting. 

Held  on  Monday,  March  the  3rd,    1010. 

The  first  Ordinary  General  Meeting  was  held  on  the 
3rd  March,  1919,  when  the  members  paid  a  visit  to  the  East 
Indian  Railway  and  Bengal  Xagpur  Railway  Companies' 
Joint  Colliery,  Bokaro. 

The  following  were  present  : — ■ 

Messrs.  G.  F.  Adams,  Chas.  E.  Ashcroft,  A.  C.  Baoerjee,  R.  G.  M. 
Bathgate,  W.  H.  Bates,  J.  Brown,  W.  Combey.  L.  M.  Chaudhuri, 
G.  Castles,  A.  T.  Creet,  Geo.  Crawford,  J.  K.  Dholakia,  L.  S.  Dholakia. 
F.  Duftoti,  h.  Diamond,  L.  L.  Fermor,  F.  B.  Foster,  T.  S.  Gibson, 
T.  S.  Ghatak,  P.  Judge,  L.  A.  Jacobs,  G.  C.  Leach,  G.  C.  Lathbury, 
J.  Mackie,  X.  X.  Mukherjee,  S.  R.  Mukherjee,  B.  Mukherjee,  G.  Murray, 
T.  C.  Murray,  J.  A.  Oliver,  Jas.  E.  Phelps,  H.  C.  Read,  J.  X.  Roy. 
F.  L.  G.  Simpson,  F.  deSouza,  E.  S.  Tarlton,  H.  M.  Tarlton,  and  J.  B. 
Wardlaw. — Members. 

Messrs.  H.  S.  Allen,  W.  X.  Crawford,  J.  B.  Argyle,  T.  Luby,  Tre- 
hearne  Rees,  D.  Remfrey.  W.  E.  Southon,  Dr.  G.  W.  Thompson,  and 
Walter  Weir — Visitors. 

Through  the  kindness  of  the  Agent,  Bengal  Nagpur 
Railway  Company,  a  special  train  was  run  from  Bhaga 
station  to  the  Joint  colliery  and  back  again  for  the  con- 
venience of  the  members. 

On  arrival  the  members  were  divided  into  two  parties 
—one  party  being  under  the  direction  of  Messrs.  G.  C.  Lath- 
bury  and  H.  S.  Allen  and  the  second  party  under  the 
direction  of  Messrs.  J.  Brown  and  W.  E.  Southon. 

Visits  were  paid  to  the  quarry  workings  and  all  the 
surface  arrangements  and  workshops,  water  supply,  etc., 
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were  also  visited.  A  few  members  with  Dr.  Fermor  in- 
spected the  burnt  outcrop  of  the  Kargali  seam. 

Lunch  was  provided  in  the  dining  car  by  Mr.  G.  C. 
Lathbur}^,  President  of  the  Institute,  and  tea  was  also  pro- 
vided by  him  during  the  run  back  to  Bhaga. 

The  following  note  written  by  Mr.  Lathbury,  with  a 
copy  of  the  surface  plan  of  the  colliery,  was  handed  to  each 
member  and  visitor. 

After  lunch  Mr.  Adams  proposed  a  vote  of  thanks  to 
the  Bengal  Nagpur  Railway  Company  for  providing  the 
transport,  and  to  Mr.  Lathbury  for  providing  the  lunch,  etc. 
Mr.  Lathbury  suitably  responded. 


Description  of  the  East  Indian  Railway 

and  Bengal  Nagpur  Railway  Joint 

Colliery,  Bokaro. 


BY 


0.   C.    Lathbury 

The  following  description  of  the  colliery  may  be  of  in- 
terest. This  area  of  the  Bokaro  coalfield  from  the  Koonar 
river  to  the  eastern  end  of  the  field  was  reported  on  by 
Mr.  Thos.  H.  Ward  as  long  ago  as  1908.  No  further  steps 
were  taken  till  1913  when,  as  a  result  of  his  report,  the  East 
Indian  Railway  and  Bengal  Nagpur  Railway  Companies^ 
acquired  this  property  known  as  the  Joint  Colliery.  The 
area  of  the  property  is  3,750  biggahs. 

Actual  development  work  was  started  in  August  1914. 
At  that  time  the  place  was  a  jungle,  and  the  railway  from 
Mohuda  was  being  built.  The  railway  reached  the  colliery 
towards  the  end  of  1914,  and  was  opened  for  passenger 
traffic  on  the  rst  April,  1915. 

In  August  1915  coal  raising  was  commenced  and  the 
output  from  that  date  up  to  the  present  has  kept  on  in- 
creasing until,  at  the  present  time,  we  are  raising  approxi- 
mately 30,000  tons  per  month. 

A  glance  at  the  map  submitted  with  this  note  (Plate  2) 
will  give  a  very  good  idea  of  the  structure  of  the  coalfield  on 
the  Joint  Colliery.  There  are  three  principal  seams  of  coal 
in  the  area  named  occurring  in  the  following  order,  namely, 
the  Kargali  seam,  which  is  the  top  one,  the  Bermo  seam, 


[Vol.  XIV.  1919.]     E.  I.  RY.  &  B.  X.  RY.  JOINT  COLLIERY.        63 

and  the  Karo  seam.  Only  the  Kargali  and  Bermo  seams 
outcrop  on  the  colliery.  The  approximate  distance  be- 
tween the  Kargali  and  Bermo  seams  is  120  ft.,  and  between 
the  Bermo  and  Karo  seams  360  ft.  The  Kargali  seam  is 
about  go  ft.  thick,  the  Bermo  seam  40  ft.,  and  the  Karo 
over  100  ft.  The  main  portion  of  the  latter  is  of  poor 
quality . 

At  present  the  Kargali  seam  is  the  only  one  which  is 
being  worked,  and  is  by  far  the  best  of  the  three  seams 

On  looking  at  the  map,  it  will  be  seen  that  the  Kargali 
seam  outcrops  twice  on  the  colliery.  In  the  area  east  of 
the  Godo  fault  and  west  of  the  Godo  nulla  (marked  '  area 
to  be  quarried  '  on  the  map)  the  coal  lies  at  a  very  shallow 
depth  and  will  be  quarried.  The  approximate  quantity  of 
coal  in  this  small  area  alone  which  can  be  quarried  is  about 
7  to  S  million  tons.  It  will  be  seen  that  the  remainder  of 
the  area  east  of  the  Godo  fault  will  be  worked  by  two  shafts. 
.The  underground  workings  at  present  are  only  in  course 
of  development,  and  main  gallaries  are  being  driven  out  in 
different  directions  in  order  to  open  out. 

I  am  afraid  that  time  will  not  permit  of  a  visit  under- 
ground, but  there  is  nothing  at  present  very  striking  to  see 
there.  I  may  mention  here  that  the  thickness  of  the  Kar- 
gali seam  in  the  shafts  being  over  90  ft.,  the  question  of 
working  the  same  underground  is  an  interesting  problem. 
The  present  idea  is  to  work  out  saj*  about  10  or  12  ft.  of 
the  bottom  section  over  a  certain  area  and  then  fill  up  by 
means  of  sand  packing.  When  this  has  set  solid  another 
thickness  can  be  taken  out,  treating  the  sand  packing  as 
the  floor,  and  so  on  until  all  the  coal  has  been  extracted. 
It  may  very  probably  be  necessary  to  modify  these  ideas, 
but  only  time  can  show.  Up  to  the  present  we  have  not 
been  able  to  carry  out  the  arrangements  for  sand  packing, 


64     TRAXS.    MINING   &   GEOL.    INST.    OF    INDIA.      [Vol.  XIV. 

nor  are  we  ready  for  this  as  yet  underground.  There  is  a 
good  supply  of  sand  in  the  river  close  by,  and  this  will  be 
conveyed  either  by  an  overhead  ropeway  or  endless  rope 
haulage  to  the  place  where  it  is  required.  The  actual 
method  of  loading  up  the  sand  from  the  river  bed,  which 
is  not  by  any  means  so  easy  a  problem  as  it  would  appear, 
has  not  been  definitely  settled  yet. 

We  have  underground  2  Worthington  horizontal  du- 
plex steam  pumps — each  capable  of  pumping  30,000  gallons 
an  hour  against  a  head  of  250  ft.  Only  one  of  these 
works,  the  other  being  a  stand-by.  The  amount  of  water 
met  with  varies  considerably  at  different  seasons  of  the 
year.  Owing  to  the  workings  being  below  the  level  of  the 
Damooda  river  a  considerable  amount  of  water  percolates 
through  in  the  rainy  season. 

The  two  shafts  are  each  18  ft.  diameter  and  a  little 
over  200  ft.  deep.  Arrangements  underground  are  such 
that  normally  all  the  coal  from  the  west  side  of  the  shafts 
will  come  to  the  north  pit,  and  from  the  east  side  to  the 
south  pit.  It  will  be  possible,  however,  to  divert  all  the 
coal  to  either  shaft  in  case  of  a  stoppage  in  one  of  them. 
The  main  levels  underground  will  be  fitted  up  with  endless 
rope  haulage,  the  engine  for  which  is  on  the  surface  be- 
tween the  two  shafts.  At  present  the  main  levels  are  not 
driven  far  enough  to  necessitate  haulage  ropes,  but  these 
will  be  put  to  work  very  shortly.  This  haulage  engine  has 
two  drums  each  operated  by  a  friction  clutch  so  that  the  two 
ropes  can  work  independently.  One  rope  is  for  the  west 
side  workings  and  one  for  the  east  side.  A  plan  of  the  pit 
bottom  arrangements  will  be  on  view. 

Winding  engines. — Each  shaft  is  fitted  with  a  pair  of 
helical  geared  winding  engines  made  by  John  Wood  &  Sons, 
Wigan,  the  sizes  of  which  are  as  follows  : — 
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# 
Cylinders  . .     20  inches  diameter. 

Stroke  . .     30  inches. 

Drum  . .     10  ft.  diameter  x  4  ft.  wide. 

The  engines  are  fitted  with  double  vertical  post  brakes 
(steam  and  foot  brakes). 

They  are  capable  of  raising  four  tubs  a  time  each  holding 
15  cwt.  of  coal — the  tubs  being  wound  in  double  deck  tan- 
dem cages.  At  the  present  moment  we  have  put  in  only 
single  deck  cages  as  these  are  sufficient  for  present  purposes 
during  the  time  development  is  going  on. 

Pit  Head  Frame. — These  were  made  by  Messrs.  Head 
Wrightson  &  Co.  of  Stockton,  and  are  63  ft.  from  the  centre 
of  the  pulleys  to  the  ground  level.  The  pulleys  are  12  ft. 
diameter.  The  frames  are  also  fitted  with  Capstan  pulleys 
for  lowering  heavy  weights,  etc.  These  latter  are  designed 
to  carry  a  load  of  12  tons. 

Screening  Plant. — Unfortunately,  owing  to  the  war,  the 
fitting  up  of  the  colliery  is  incomplete  owing  to  the  fact 
that  we  have  been  unable  to  procure  our  screening  plant 
which  was  ordered  as  long  ago  as  1914.  For  this  reason  the 
present  arrangements  of  tipping  coal  are  purely  temporary. 
When  the  screening  plant  is  received  and  erected  all  the 
coal  from  the  pits  and  the  quarry  will  be  tipped  on  to  the 
picking  belt  and  mechanically  screened.  Three  sizes  of 
coal  will  be  made,  namely,  ordinary  steam  coal,  smithy 
or  rubble,  and  dust.  The  traffic  from  the  pits  and  from 
the  quarry  will  be  through  traffic.  The  full  tubs  will  run 
from  the  cages  and  from  the  quarry  haulage  by  gravity  on 
to  the  tippler.  The  empty  tubs  will  then  be  taken  away 
by  creepers  and  raised  to  a  level  from  which  they  will  run 
by  gravity  to  the  empty  side  of  the  cages  and  also  on  to 
the  quarry  haulage.  A  plan  showing  these  general  arrange- 
ments will  be  on  view  in  the  workshops.     The  screening 
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plant  will  be  operated   by  a  Marshall   "C"   class  steam 
engine. 

The  empty  and  loaded  broad  gauge  sidings  have  accom- 
modation for  about  120  wagons. 

Quarry  Haulage. — The  coal  from  the  quarry  is  brought 
by  an  endless  rope  haulage  to  the  loading  depot.  The  haul- 
age engine  was  made  by  John  Wood  &  Sons,  Wigan,  and 
has  a  pair  of  cylinders  12  inches  diameter,  18  inches  stroke 
with  a  4  ft.  diameter  drum  which  is  on  the  third  motion  shaft- 
gear  helical.  The  speed  of  the  rope  is  about  \\  miles  an 
hour.  The  rope  runs  under  the  tubs  and  the  latter  are 
fastened  to  the  rope  by  means  of  screw  clips.  The  length 
of  the  haulage  is  a  little  over  4,000  ft.  The  signals  are 
operated  electrically,  and  the  rope  can  be  stopped  and 
started  at  any  point  on  the  haulage. 

The  quarry  workings  the  members  will  see  for  them- 
selves and  they  need  little  or  no  description.  The  thick- 
ness of  the  coal  at  present  being  quarried  is  about  70  ft., 
but  it  attains  a  thickness  of  90  ft.  as  one  gets  to  the  dip. 
The  greatest  amount  of  cover  in  any  one  place  that  has  to 
be  moved  is  about  25  to  30  ft.  The  quarry  is  drained  by 
two  Evans  sinking  pumps — each  capable  of  pumping  30,000 
gallons  an  hour  against  a  250  ft.  head.  These  pumps  were 
used  in  sinking  the  two  shafts  where,  going  through  the  seam, 
we  had  to  deal  with  feeders  aggregating  about  25,000 
gallons  an  hour.  When  the  pits  were  sunk  and  the  per- 
manent pumps  underground  put  to  work,  these  sinking 
pumps  were  transferred  to  the  quarry  where  they  are  slung 
on  chains  and,  in  case  of  any  excessive  inrush  of  water, 
they  can  if  necessary  be  raised  should  they  happen  to  get 
drowned  out. 

Boiler  Plant.— The  boiler  plant  at  the  shafts  consists  of 
five  Lancashire  boilers  j'-6"  diam.  x  30  ft.  long  with  a  work- 
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ing  pressure  of  ioo  lbs.  per  square  inch.  The  chimney  for 
the  same  is  a  steel  chimney  150  ft.  high,  lined  with  fire 
brick  work  all  the  way  up  with  a  diameter  of  6  ft.  inside 
the  fire  brick  work.  This  chimney  allows  of  more  boilers 
being  put  down  should  they  be  required.  The  boiler  plant 
at  the  quarry  for  pumping  only  consists  of  three  Lancashire 
boilers  y'-6"  diam.  x  30  ft.  long  each  with  a  working  pres- 
sure of  100  lbs.  per  square  inch,  and  the  chimney  is  100  ft. 
high  lined  with  fire  brick  all  the  way  up  with  a  diameter 
of  4  ft.  inside  the  fire  brick  work. 

Workshops  andGodown. — These  are  situated  close  to  the 
shafts.  The  workshops  consist  of  a  machine  shop  in  which 
are  working  the  following  machines  : — 

One  Patent  Improved  Slotting  Machine  10"  stroke. 

One  Radial  Drilling  Machine  with  -|/-6"  arm,  Selson 
Patent  Central  Thrust. 

One  Gear-driven  high  speed  Shaping  Machine. 

One  Universal  Pipe  Screwing  Machine  to  screw  pipes 
from  \"  to  3"  internal  diameter. 

One  Patent  Bolt  Screwing  and  Nut  Tapping  Machine. 

One  All-geared  9"  centre  Hollow  Spindle,  Sliding  Sur- 
facing and  Screw-cutting  Lathe. 

One  Sensitive  Drilling  Machine  high  speed. 

One  Grind  Stone  with  C.I.  trough. 

One  8"  lathe. 

All  these  machines  are  driven  by  a  Marshall  "C  "  class 
steam  engine  running  at  about  70  revolutions  a  minute. 

There  is  also  a  blacksmith's  shop  with  four  forges  and  a 
steam  hammer.  The  draught  for  the  forges  is  produced 
by  a  small  sirocco  fan  in  the  machine  shop.  In  addition 
there  is  a  small  fitting  shop  and  a  carpenter's  shop  and 
store  godown. 

Water  Supply. — A  filtered  water  supply  is  laid  all  over 
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the  colliery  where  a  large  number  of  hydrants  are  fixed. 
The  water  is  pumped  from  the  pits  into  a  settling  tank,  and 
from  the  settling  tank  it  runs  over  two  lots  of  sand  filters 
which  are  at  different  levels.  The  top  level  sand  filters  are 
really  used  more  for  catching  the  very  fine  dirt  in  the 
water  which  does  not  settle  down  in  the  settling  tanks. 
From  the  bottom  of  these  top  filters  the  water  runs  on  to 
the  top  of  the  lower  sand  filters  which  are  the  filters  pro- 
per. From  the  bottom  of  these  lower  filters  the  filtered 
water  is  taken  over  a  series  of  brick  weirs  to  the  collecting 
tank.  The  object  of  these  weirs  is  to  expose  the  water  to 
the  sun  and  air  which  is  recognized  as  one  of  the  best 
methods  of  purifying  water.  From  the  bottom  collecting 
tank  the  water  is  pumped  to  a  high  level  tank  and  there 
distributed  by  pipes  all  over  the  colliery.  A  detailed  plan 
of  the  water-supply  filters  will  be  exhibited  to  the  mem- 
bers. 

Bazaar. — The  colliery  runs  its  own  bazaar — the  bazaar 
day  being  a  Sunday,  when  a  very  large  number  of  people 
attend.     Drinking  water  has  been  laid  on  to  the  site. 

There  are  over  4,000  people — including  men,  women 
and  children — living  on  the  estate,  practically  all  of  whom 
come  from  different  parts  of  India.  There  is  very  little 
local  labour. 

There  is  a  hospital  and  dispensary  and  a  qualified 
medical  staff  kept  by  the  railways  for  the  benefit  of  the 
staff  and  workpeople.  All  attendance  and  medecines  are 
free. 

A  Benefit  Fund  has  been  started  on  the  same  lines  as 
the  one  which  has  been  in  force  for  so  many  years  at 
Giridih  for  the  benefit  of  the  workpeople. 
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Meeting  at  Asansol. 

Held  on  Monday,  July  21st,   1919. 

The  Second  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Rail- 
way Institute,  Asansol,  on  Monday,  the  21st  July,  1919, 
at  10  a.m. 

Present : — Mr.  G.  C.  Lathbury,  President  (in  the  Chair),  Messrs 
G.  F.  Adams,  E.  C.  Agabeg,  Chas.  E  Ashcroft,  JP.  H.  Ashcroft,  W.  H. 
Bates,  R.  G.  M.  Bathgate,  Jas.  Bullock,  C.  B.  Chartres,  D.  N  Das, 
D.  P.  Davies,  L.  Diamond,  D.  L.  Edwards,  Dr.  L.  L.  Fermor,  Mr.  Tom 
S.  Gibson,  Dr.  H.  H.  Hayden,  Messrs.  C.  A.  John  Hendry,  H.  Lancaster, 
H.  A.  Lyon,  G.  W.  Marshall,  J.  A.  McKerrow,  Jas.  Miller,  F.  L.  G. 
Simpson,  T.  F.  Steele,  H.  Llewellyn  Wilkinson — Members. 

Messrs.  N.  D.  Agabeg,  C.  S.  Archer  and  J.  B.  Argyle — Visitors. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
the  8th  July,  1918,  were  read  and  confirmed. 

The  paper  on  "Some  primary  considerations  in 
Hydraulic  Stowing,  with  a  note  particularly  relating  to  the 
coalfields  of  Bihar"  by  Mr.  C.  A.  John  Hendry  was  opened 
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for  discussion.  Xo  further  remarks  being  forthcoming,  the 
discussion  was  closed. 

The  discussions  also  on  Mr.  Roberton's  paper  "Some 
notes  on  the  manufacture  of  Fuel  Briquettes"  and  Mr. 
Beer's  paper  "Notes  on  rocks  from  Pavagarh  to  Dohad" 
were  closed. 

The  discussion  on  "  Welding  pit  guide  ropes,  and  some 
methods  of  Welding  "  was  postponed. 

The  President  then  called  on  Mr.  Marshall  to  read  his 
paper  on  "  Bye-product  Coke  Ovens,"  which  was  read  and 
discussed.  A  vote  of  thanks  to  the  author  for  his  paper 
was  passed,  but  further  discussion  postponed  to  a  future 
meeting. 

In  the  absence  of  the  author,  the  paper  on  "  Buckets 
for  mine  pumps"  was  then  read  by  Mr.  G.  C.  Lathbury. 

The  President  informed  the  members  that  the  Jharia 
map  has  been  completed,  and  will  shortly  be  sent  to  the 
printers.  The  map-sheets  were  spread  on  the  table  for  the 
inspection  of  the  members  present. 


Discussion  on  Mr.  Hendry's  paper  "Some 

primary  considerations  in  Hydraulic 

Stowing  in  mines,  with  a  note 

particularly  relating  to  the 

coalfields  of  Bihar." 

The  author  said: — Since  writing  the  paper  I  have  been 
enquiring  from  America  regarding  the  use  of  compressed 
air  for  sand  stowing.  It  will  be  remembered  that  the 
results  I  gave  for  the  concrete  mixer  were  entirely  unsatis- 
factory. Since  then  I  have  made  enquiries  regarding  what 
is  known  as  a  cement  gun.  Recently,  in  working  out  the 
conditions  for  sand  stowing  prevalent  at  Ramnagar  colliery, 
it  appeared  that  this  gun  might  prove  very  suitable.  The 
sand  in  this  case  can  be  taken  from  the  river-bed,  via  a  bore 
pipe,  into  the  mine.  The  head  however  is  only  sufficient 
to  lead  about  600  feet,  whereas  it  is  desired  to  lead  the  sand 
1,000  to  2,000  feet ;  this  is  a  case  common  to  many  mines 
adjacent  to  the  river.  For  this  the  cement  gun  may  prove 
of  use  as  an  aid  to  supplement  the  head. 

The  gun  consists  of  two  hoppers,  an  upper  and  a  lower 
one,  the  upper  being  the  receiving  hopper.  This  receiver 
has  a  cone  stopper  in  the  top  and  one  for  discharge  in  the 
bottom,  so  that  the  feeding  material  is  air-locked  into  the 
lower  hopper  which  is  under  an  air-pressure. 

In  the  bottom  of  this  hopper  is  a  feeding  wheel  which 
is  turned  mechanically,  and  delivers  the  material  opposite 
an  outlet,  the  pressure  of  air  in  the  lower  hopper  forcing 
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the  material  out.  There  is  a  rotating  wheel  with  a  number 
of  holes  in  its  rim  which  successively  coincide  with  the 
outlet  pipe  and  feed  it  with  a  series  of  pneumatic  blows, 
thus  forcing  the  mixture  out  in  a  continuous  stream,  which 
can  also  be  supplemented  by  an  extra  air-pressure  in  tran- 
sit. It  appeared  to  me  that  such  a  machine  would  be  an 
excellent  adjunct  to  the  head  available,  and  upon  making 
enquiries,  I  find  that  a  machine  can  be  designed  to  deliver 
20  tons  of  dry  river  sand  per  hour  through  a  horizontal  2" 
pipe  with  409  cubic  feet  of  free  air  per  minute  at  60  lbs. 
pressure.  This  would  mean  a  seventeen  by  ten  inch  air 
compressor. 

The  President : — Have  you  any  idea  of  the  wear  in 
the  pipes  ? 

Mr.  Hendry  : — I  have  only  just  received  the  informa- 
tion regarding  the  machine,  and  therefore  have  no  in- 
formation on  this  point;  but  although  we  may  expect 
the  wear  to  be  considerable,  as  only  two-inch  pipes  are 
needed,  they  could  be  cast  with  plenty  of  metal. 


Bye=Product  Coke  Ovens. 

BY 

Q.  VV.   Marshall. 

(With  three  Plates.) 

In  ordinary  circumstances  a  paper  by  me  would  have 
dealt  chiefly  with  the  working  of  a  Coke  Plant,  together 
with  a  description  of  my  particular  works  and  the  results 
obtained,  but  owing  to  the  fact  that  very  few  members 
are  interested  in  the  actual  working,  and  also  that  our 
plant  at  Giridih,  having  been  designed  nearly  twenty  years 
ago,  is  now  out  of  date,  I  decided  to  devote  the  larger 
part  to  a  short  history  of  the  development  of  the  industry, 
as  being  likely  to  be  of  more  interest  to  members  generally. 

The  primary  and  chief  product  of  a  Coke  Plant  is 
metallurgical  coke,  which  is  practically  all  consumed  in 
blast  furnaces  and  foundries.  Originally,  any  kind  of 
easily  obtainable  fuel  was  used  for  iron  smelting,  coal 
eventually  becoming  general.  It  was  then  found  that  by 
first  driving  off  the  volatile  matter  from  the  coal,  less 
trouble  was  experienced  with,  and  more  work  could  be  got 
out  of  the  furnaces,  and  this  was  the  genesis  of  the  coking 
industry. 

About  forty  years  ago  the  position  of  the  hard  coke 
industry  was  roughly  similar  to  that  of  the  soft  coke  in- 
dustry of  the  present  time,  all  the  volatile  matter  being 
wasted,  and  part  of  the  coal  burned  away  to  produce  the 
necessary  heat.     The  coal  was  then  enclosed  within  walls 
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to  prevent  excessive  coal  consumption,  and  the  bee-hive 
oven  was  gradually  developed.  Afterwards,  arrangements 
were  made  for  burning  the  gases  in  flues  for  heating  the 
ovens,  and  finally  an  attempt  was  made  to  recover  the  bye- 
products  from  the  gas  given  off  by  these  bee-hive  ovens. 
So  far  all  was  simple  economic  improvement,  but  here 
progress  was  for  a  time  suspended,  as  the  first  attempts 
at  recovering  the  bye-products  from  the  gas  resulted  in 
the  production  of  a  very  inferior  quality  of  coke. 

Development  had  consequently  to  proceed  more  slow- 
ly with  the  object  of  recovering  the  bye-products  without 
deteriorating  the  coke.  This  period  marks  the  chief  land- 
mark in  the  history  of  the  B.P.  oven,  as  an  absolute  revo- 
lution in  the  system  of  coking  was  found  to  be  neces- 
sary. 

It  was  quickly  proved  that  a  long  narrow  longitudinal 
chamber  was  most  satisfactory,  and  that  the  bye-products 
could  be  recovered  without  seriously  affecting  the  quality 
of  the  coke,  but  up  to  ten  or  twelve  years  ago  it  was  still 
difficult  (in  England  at  any  rate)  to  persuade  the  coke 
consumers  that  this  bye-product  coke  was  quite  satisfac- 
tory for  their  purpose.  As  this  was  chiefly  prejudice,  it 
only  required  a  few  years  to  put  matters  right,  and  since 
1905  the  number  of  B.P.  ovens  in  England  has  been 
doubled  and  the  non-recovery  ovens  correspondingly  re- 
duced. 

As  I  have  remarked,  the  shape  and  approximate  size 
of  the  actual  coking  chamber  was  quickly  determined  on, 
but  the  method  of  arranging  the  flues  in  which  the  gas  is 
burned  in  order  to  heat  these  chambers  proved  to  be  more 
complicated.  It  was  quickly  demonstrated  that  not  only 
the  coke  outturn  depended  on  the  efficiency  or  otherwise 
of  the  heating  system,  but  that  the  production  of  bye- 
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products  was  also  favourably  or  adversely  affected.  The 
importance  of  this  heating  question  can  be  realized  from 
the  fact  that  it  constitutes  the  chief  difference  between  the 
various  systems  built  by  the  several  construction  com- 
panies, and  is  the  line  on  which  most  progress  has  been 
sought  and  attained  during  the  past  fifteen  years. 

Whilst  the  patents  held  and  worked  for  methods  of 
heating  differ,  there  are  general  lines  on  which  the  heating 
may  be  carried  out.  Thus  we  have  the  "Horizontal" 
oven  and  the  "Vertical"  oven  according  as  the  heating 
flues  between  the  ovens  are  horizontal  or  vertical,  and  the 
Regenerative  oven  and  Waste  Heat  oven  according  as  to 
whether  regenerators  are  installed  or  the  products  of  com- 
bustion passed  straight  to  the  boilers. 

In  the  Regenerative  oven,  the  hot  gases  from  the  heat- 
ing flues  are  drawn  through  a  large  chamber  filled  with 
chequer  brick- work,  before  passing  to  the  chimney.  The 
brickwork  abstracts  a  large  proportion  of  the  heat  from, 
the  gases,  which  is  afterwards  utilized  for  heating  the  air 
necessary  for  the  combustion  of  the  gas  in  the  flues.  By 
thus  using  hot  air  for  combustion,  less  gas  is  required  for 
heating  the  ovens,  and  consequently  more  is  available  for 
use  in  gas  engines,  etc. 

In  the  Waste  Heat  oven,  the  products  of  combustion 
pass  straight  from  the  oven  flues  to  the  boilers,  where  the 
heat  is  used  direct  for  generating  steam.  As,  however, 
cold  air  has  to  be  used  for  combustion  of  the  gas  in  the 
oven  flues,  very  little,  if  any,  surplus  gas  is  available  for 
other  purposes. 

My  own  opinion  is  that  there  is  very  little  to  choose 
between  a  vertical  and  a  horizontal  flued  oven,  or  between 
a  Regenerative  and  a  Waste  Heat  oven.  Whilst  for  sev- 
eral years  the  tendency  has  been  towards  the  Regenerative 
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oven  with  the  resultant  surplus  gas  for  use  in  gas  engines, 
etc.,  and  this  system  has  worked  splendidly  with  us  at 
Giridih,  there  is  no  doubt  that  where  steam  engines  are 
preferred,  the  Waste  Heat  oven  gives  very  good  results. 

At  Giridih  we  have  two  Korting  gas  engines,  each  105 
K.W.,  and  one  National  of  75  K.W.,  and  whilst  all  three 
are  not  generally  worked  together,  we  have  sufficient  sur- 
plus gas  to  do  so  when  using  dry  coal. 

So  much  for  the  coke  oven  itself.  We  now  come  to 
the  recovery  and  treatment  of  the  bye-products.  Up  to  a 
few  years  ago  we  had  only  one  system  of  bye-product  re- 
covery, but  owing  to  a  different  method  of  recovering  the 
ammonia  having  been  evolved,  plants  are  now  divided  into 
two  classes,  viz.  "Indirect  Recovery"  (the  old  method) 
and  "  Direct  Recover}"." 

In  the  former,  the  gases  are  drawn  away  from  the 
ovens  by  means  of  gas  exhausters  and  cooled  down  by 
means  of  air  and  water  coolers  to  atmospheric  tempera- 
ture. This  cooling  results  in  the  condensation  of  the  tar 
and  a  small  portion  of  the  ammonia.  Most  of  the  ammonia 
however  together  with  the  benzol,  toluol,  etc.,  remains  in  the 
gas,  which  is  then  passed  through  the  ammonia  scrubbers, 
where  the  ammonia  is  absorbed  by  water,  thus  forming  a 
weak  ammoniacal  solution.  The  gas  is  then  passed 
through  similar  '  benzol '  scrubbers  where  the  benzol  is 
absorbed  by  creosote  oil. 

We  thus  obtain  Tar,  which  after  separation  from  a 
certain  amount  of  water  is  ready  for  the  market,  a  weak 
and  impure  ammoniacal  solution,  and  the  benzolised  oil 
containing  up  to  3  °0  benzol. 

The  ammoniacal  liquor  is  afterwards  treated  with 
steam  in  suitable  stills,  and  the  ammonia  vapour  which  is 
boiled  off  passed  into  sulphuric  acid,  the  resultant  ammo- 
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nium  sulphate  collected  and  suitably  dried  ready  for 
sale. 

The  benzolised  oil  is  treated  in  similar  stills,  the 
vapours  condensed  and  we  obtain  what  is  usually  known 
as  "  crude  benzol."  This  is  afterwards  carefully  washed 
and  re-distilled  into  the  various  fractions  of  benzene  and 
toluene. 

Here  I  must  explain  that  so  far  benzol  recovery  has  not 
been  carried  out  in  India,  owing  to  the  fact  than  not  only 
does  Indian  coal  yield  a  smaller  proportion  than  English 
coals,  but  that  owing  to  the  higher  atmospheric  tempera- 
ture it  is  more  difficult  to  recover. 

In  the  Direct  Recovery  system,  instead  of  dissolving 
the  ammonia  out  of  the  gas  by  means  of  water,  and  after- 
wards distilling  off  this  ammonia  from  the  resultant 
weak  ammonia  liquor  into  sulphuric  acid,  the  whole  of 
the  hot  gas  coming  from  the  ovens  is  passed  direct 
through  the  acid.  It  will  readily  be  seen  what  an  im- 
provement this  is  on  the  former  Indirect  method,  as  not 
only  does  it  do  away  with  the  large  ammonia  scrubbers, 
but  a  great  saving  in  steam  is  effected  by  not  having  the 
large  amount  of  ammoniacal  liquor  to  distil.  The  tar  must, 
of  course,  be  removed  before  the  gas  is  passed  through  the 
acid,  and  this  is  effected  by  various  frictional  methods 
such  as  spraying  the  gas  with  tar  or  submitting  it  to  rapid 
centrifugal  action. 

At  the  present  time  development  is  taking  the  line  of 
building  larger  units,  and  thus  making  it  possible  not  to 
simply  recover  the  bye-products  in  their  more  or  less  crude 
state,  but  to  continue  with  the  distillation  and  rectifica- 
tion of  the  tar  and  crude  benzol.  At  the  present  time 
many  coke  plants  are  turning  out  such  products  as  Car- 
bolic  Acid,   Naphthalene,  Creosote  Oil,   Anthracene  Oil, 
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Motor  Spirit,  Standard  Benzol,  Toluol  and  solvent  Naph- 
tha, and  it  is  certain  that  in  the  near  future  still  larger 
plants  will  be  erected  which  will  produce  Picric  Acid, 
Alizarin,  Aniline,  pure  Benzene,  Toluene,  Nitro-benzene, 
Nitro-toluene,  etc.,  all  ready  for  use  in  the  explosive,  dye, 
and  drug  industries. 

Here  I  would  like  to  mention  that  it  will  be  a  great 
gain  to  the  coke  oven  industry  in  this  country  if  the  silica 
bricks  now  being  experimented  will  prove  successful  and 
reliable,  as  it  will  then  be  possible  to  carbonise  in  about 
24  hours  instead  of  36. 

Our  plant  at  Giridih  consists  of  30  Simon  Carves  Re- 
generative ovens  with  vertical  flues.  Each  oven  is  approxi- 
mately 32  ft.  long  by  7I  ft.  high  by  20"  wide,  and  the 
bye-product  plant  is  the  ordinary  Indirect  type. 

The  small  coal  from  the  pits  is  brought  to  the  Coke 
Plant  in  hopper  wagons,  dumped  into  a  below-ground 
hopper  (A)  (fig.  1)  and  automatically  fed  through  a  Carr 
disintegrator  (B)  into  a  bucket  elevator  (C)  by  which  it  is 
lifted  into  the  Bunker  (D) .  From  the  b  ottom  of 'this  bunker 
it  is  fed  into  tubs  (E)  of  about  1  ton  capacity,  and  these 
are  then  run  along  the  top  of  the  battery  to  the  particu- 
lar oven  which  it  is  required  to  charge,  and  the  coal 
dropped  into  the  oven  through  three  charging  holes.  When 
all  the  volatile  products  have  been  driven  off,  the  coke  is 
pushed  out  by  means  of  an  electrically  driven  ram  (F)  on 
to  the  coke  bench  (G),  where  it  is  quenched  with  water 
and  loaded  into  wagons. 

The  gas  is  drawn  away  from  the  ovens  by  means  of  a 
rotary  exhauster  (H)  (fig.  2)  and  cooled  to  atmospheric 
temperature    by    passing    through    a    serpentine    cooler 

(I). 

In  this  cooler,  the  tar  condensed  out  of  the   gas,  is 
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collected  in  underground  tanks,  and  pumped  to  overhead 
storage  tanks  from  which  it  is  filled  into  railway  tank 
wagons. 

The  gas  passes  forward  through  the  ammonia  scrub- 
bers (J)  and  from  these,  having  now  been  stripped  of  all 
its  tar  and  ammonia,  part  of  it  is  returned  to  the  ovens 
for  heating,  and  the  surplus  is  delivered  to  a  gas-holder 
from  which  it  is  drawn  off  for  the  gas  engines. 

The  ammoniacal  liquor  is  pumped  to  the  Sulphate 
Plant,  where  it  passes  through  a  superheater  (E)  (fig.  3) 
into  the  top  of  a  still  (A)  and  flows  downwards  over  a  series 
of  super-imposed  trays,  meeting  an  ascending  current  of 
steam  blown  in  at  the  bottom  of  C.  In  B  a  small  quantity 
of  lime  water  is  mixed  with  the  liquor  and  the  mixture 
passes  down  the  '  Fixed  still '  C.  The  gases  leaving  the 
stills  are  bubbled  through  a  lead-lined  saturator  (D)  con- 
taining sulphuric  acid.  The  ammonia  combines  with  the 
acid -forming  sulphate  of  ammonia,  which  crystallizes  out, 
and  is  withdrawn  from  the  saturator  and  dried,  prepara- 
tory to  being  filled  into  bags  for  sale. 

The  following  statement  shows  our  output  for  last 
month  (March),  together  with  the  average  cost  per  ton  of 
Coke,  Tar  and  Sulphate  for  the  past  12  months  : — 


Coke. 

II 
Tar.                                Sulphate. 

Tons. 

Cost  per  ton. 

Tons.     Cost  per  ton. 

Tons. 

Cost  per  ton. 

4>»43 

4-i4-io(«) 

142I           3-12-0 

48* 

104-0-0(6) 

(a)  Assuming  cost  of  coal  at  Rs.  3  -  per  ton. 

(b)  Includes  cost  of  acid,  bags,  etc. 
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I  would  now  like  to  mention  a  few  points  embodying 
the  result  of  my  own  experience,  which  might  be  of  use  to 
prospective  builders  of  coke  plants,  and  also  a  few  for  the 
benefit  of  anyone  directly  concerned  in  their  working. 

First  I  would  say,  don't  forget  that  the  foundations  are 
the  foundation  of  the  whole  plant.  I  am  no  believer  in 
cheapening  any  part  of  a  plant,  but  if  you  must  economise, 
practise  on  some  of  the  top  work  which  can  easily  be  repaired 
or  replaced  afterwards,  because  you  will  probably  find  that 
it  has  to  be  repaired  pretty  often.  I  have  known  more 
than  one  plant  crippled  from  the  start  from  sufficient 
margin  not  having  been  allowed  for  unforeseen  foundation 
conditions.  Carefully  work  out  what  is  necessary,  then 
strengthen  them. 

Instal  a  crusher  that  is  well  above  its  work  under 
ordinary  conditions,  otherwise  trouble  will  be  experienced 
when  working  with  very  wet  coal  in  the  rains.  In  addition 
to  the  periodic  stoppages  of  an  elevator  for  oiling,  clean- 
ing, repairs,  etc.,  the  buckets  have  a  habit  of  not  filling 
up  to  full  capacity,  so  that  if  you  require  to  carbonise  300 
tons  of  coal  per  day,  the  capacity  of  the  elevator  should 
be  not  less  than  40  tons  per  hour. 

Erect  a  concrete  bunker  of  three  days'  capacity. 

If  you  know  that  the  coal  you  are  going  to  carbonise 
is  a  good  coking  coal,  don't  instal  a  compressor.  Hand 
charging  at  Giridih  with  coal  containing  the  same  percen- 
tage of  moisture  as  for  compressed  charges,  gave  us  12  % 
less  coke  per  oven,  but  the  coking  time  was  13  %  less,  a 
slight  gain  in  favour  of  hand  charges.  The  point  however 
is  that  when  hand  charging,  the  coal  can  be  used  dry, 
whereas  it  must  contain  about  11  %  of  water  for  compres- 
sion, and  we  obtain  a  clear  10  %  extra  output  by  hand 
charging  dry  coal  over  our  original  method  of  compressing. 
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For  charging  the  ovens,  have  an  electrically  driven 
charging  car  on  the  oven  tops,  and  a  mechanical  leveller, 
but  have  the  latter  so  designed  that  the  oven  is  filled 
above  the  spring  of  the  arch,  as  the  ones  usually  supplied 
leave  too  much  space  between  the  top  of  the  charge  and 
the  roof  of  the  oven. 

Have  as  many  of  the  tar  and  liquor  tanks  as  possible 
built  of  ferro-concrete,  as  the  gases  from  the  ammonia 
liquor  soon  begin  to  eat  away  wrought-iron  sheets. 

If  metal  tanks  have  to  be  erected,  the  inside  of  the 
tops  should  be  well  painted,  tarred  and  finally  varnished. 

It  is  not  the  custom  in  coke  oven  practice  to  instal 
spares  in  the  pumping  line,  but  where  there  are,  say,  three 
similar  pumps  doing  different  classes  of  work,  a  spare  one 
should  be  insisted  on. 

I  have  said  before  that  I  am  no  believer  in  cheapening 
a  plant,  and  this  in  spite  of  the  fact  that  I  am  naturally 
economical.  Cheapness  certainly  does  not  pay  in  coke 
oven  practice  Generally  speaking,  there  is  little  fault  to 
find  with  the  bye-product  part,  as  the  contract  for  the 
various  portions  is  usually  sub- let  by  the  building  firm  to 
other  firms  specialising  in  particular  apparatus.  The 
building  contractor  has  therefore  chiefly  to  rely  on  the 
actual  oven  work  for  being  able  to  quote  lower  than  his 
competitors,  and  this  has  resulted  in  the  oven  ironwork 
being  generally  not  sufficiently  strong  enough  to  meet  the 
special  conditions  of  weight  and  temperature.  It  is  quite 
common  for  a  battery  after  three  or  four  years'  work- 
ing to  appear  to  an  outsider  to  be  about  ten  or  twelve 
years  old,  just  because  sufficient  weight  has  not  been  put 
into  the  ironwork,  to  prevent  twisting,  bending  and  sag- 
ging- 

I  would  strongly  advise  anyone  putting  up  a  new 
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plant  to  appoint  their  manager  well  before  the  plant  is 
ready  for  working,  preferably  when  its  erection  is  com- 
menced. Not  only  will  his  presence  prevent  slackness  and 
bad  work  on  the  part  of  the  contractor's  staff ,  but  he  will 
probably  be  able  to  suggest  detail  improvements,  and  he 
can  arrange  for  men  destined  to  work  different  parts  of 
the  plant,  to  become  thoroughly  acquainted  with  the  par- 
ticular portion  of  the  plant  or  apparatus  with  which  they 
are  going  to  be  connected. 

Whilst  I  decided  not  to  include  the  actual  working  of 
a  coke  plant  in  the  scope  of  my  paper,  there  are  one  or  two 
special  points  which  I  should  like  to  mention  for  the  bene- 
fit of  the  few  concerned. 

First  I  would  say  to  the  coke  oven  manager — Watch 
your  suction.  My  experience  has  proved  that  this  is  of 
even  more  importance  than  the  average  coke  oven  man 
considers. 

Even  anyone  not  particularly  interested  will  easily 
understand  that  with  such  large  coking  chambers  it  is  im- 
possible to  avoid  occasional  cracks  and  open  joints,  conse- 
quently given  a  pressure  in  the  oven,  the  chimney  is 
bound  to  draw  oven  gas  into  the  heating  flues.  At  the 
same  time  it  is  essential  that  air  be  not  drawn  into  the 
oven  from  the  flues.  Personally,  I  am  always  hoping 
that  someone  will  invent  a  reliable  pressure  governor  to  be 
fixed  between  the  ovens  and  the  exhauster. 

Do  everything  possible  to  minimise  the  loss  due  to 
evaporation  of  ammonia  from  the  liquor,  between  its  pro- 
duction and  its  conversion  into  sulphate.  Owing  to  the 
low  vapour  tension  of  ammonia  some  loss  cannot  be  avoid- 
ed under  any  circumstances  any  more  than  water  can  be 
prevented  from  evaporating  in  hot  dry  weather,  but  the 
loss  quickly  increases  with  any  rise  in  temperature  or  ex- 
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posure  of  the  liquor  to  the  atmosphere.  Keep  all  liquor 
seal  pots  and  tanks  well  covered,  and  when  pumping 
liquor  see  that  the  mouth  of  the  delivery  pipe  is  well 
below  the  usual  level  of  the  liquor  in  the  tank,  as  the 
general  method  of  pumping  into  the  top  of  a  tank  and  the 
liquor  falling  cascade  fashion,  is  a  fruitful  source  of  loss  of 
ammonia.  We  have  increased  our  production  of  ammonia 
quite  appreciably  by  small  alterations  in  this  direction. 

Have  all  your  tar  and  liquor  pipes  properly  trenched 
so  that  they  can  be  inspected  regularly.  If  it  is  absolute- 
ly necessary  to  bury  any  pipe,  fill  in  with  good  clayey  soil 
and  not  with  cinders  or  ashes,  as  these  quickly  lead  to 
corrosion  of  the  pipe. 

Owing  to  the  now  greatly  increased  cost  of  material, 
the  preservation  of  the  plant  is  of  greater  importance  than 
ever.  Tar  is  cheap.  Use  plenty.  It  is  a  most  excellent 
preservative  for  both  wood  and  iron.  Always  boil  the  tar 
before  applying  it,  and  it  is  preferable  to  add  a  very  small 
quantity  of  lime  when  boiling. 

DISCUSSION. 

The  President : — I  am  sure  we  are  all  very  much  in- 
debted to  Mr.  Marshall  for  the  most  interesting  paper  he 
has  just  read  to  us.  Mr.  Marshall  has  had  very  considerable 
experience  of  working  coke  ovens  both  in  England  and  in 
India,  and  therefore  any  remarks  made  by  him  are  of  great 
value.  I  expect  there  are  several  who  wish  to  ask  Mr. 
Marshall  questions,  and  I  ask  Mr.  Diamond  to  open  the  dis- 
cussion. 

Mr.  L.  Diamond :  — Any  remarks  of  mine  would  not  be 
by  way  of  bombarding  Mr.  Marshall  with  questions  but 
rather  to  add  to  what  he  has  said  by  giving  a  little  advice 
to  those  who  may  shortly  have  to  do  with  coke  plants. 
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It  may  devolve  upon  some  of  you  to  decide  what  type  of 
oven  you  will  instal  at  your  collieries,  and  I  think  in  this 
direction,  a  most  important  point  to  remember  is  not  to 
take  too  literally  every  remark  which  Coke  Oven  Construc- 
tion people  make.  If  you  have  any  means  of  testing  any 
statement  which  seems  to  make  a  particular  oven  most 
desirable,  just  do  so  before  making  your  final  decision. 
An  agent's  goods  may  not  be  quite  up  to  the  standard  of 
the  agent' s  eloquence  !  Neither  should  a  pessimistic  report 
on  your  proposal  be  allowed  to  pass  unchallenged.  I  will 
give  you  an  instance.  When  tenders  were  asked  for  the 
Giridih  plant  (the  pioneer  of  bye-product  coke  oven  plants 
in  India  and  with  which  I  was  connected  from  the  period 
of  construction  until  1915),  samples  of  coal  were  sent  to 
various  parts  of  the  world  and  one  firm  (a  firm  in  German)*, 
I  believe)  reported  that  the  bye-products  were  so  poor 
that  it  was  not  worth  while  installing  a  "recovery  plant." 
Mr.  Marshall's  figures  will  show  you  how  far  they  were 
wrong.  The  firm,  of  course,  had  no  experience  of  building 
plants  so  far  away  from  headquarters  and  did  not  like  to 
tackle  the  job.  Fortunately,  the  Colliery  Superintendent 
was  not  much  impressed  by  their  report,  and  as  Mr.  Mar- 
shall has  told  us,  the  company  eventually  placed  the  order 
with  a  Home  firm,  Messrs.  Simon  Carves. 

Another  point  which  is  not  always  to  the  layman 
that  which  it  seems  to  be,  is  what  is  referred  to  as  ""burning 
time."  One  firm  tells  you  that  the  burning  time  of  their 
ovens  will  be  20  hours  and  another  firm  tells  you  that  the 
burning  time  for  theirs  will  be  24  hours.  A  number  of 
inexperienced  men  would  say,  "  That  settles  it,  we  will  go 
in  for  the  20-hour  one."  Other  things  being  equal  it 
probably  would  be  better,  but  the  point  that  is  not  always 
considered  immediately   in   connection    with   this,    is   the 
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production  of  coke  per  oven.  According  to  its  capacity 
an  oven  may  take  any  quantity  from  6  to  12  tons  of  coal 
and  sometimes  even  more.  The  20-hour  oven  referred 
to  may  produce  6  tons  of  coke  per  oven  whilst  on  the 
other  hand  the  24-hour  one  may  give  a  yield  of  y\  tons, 
i.e.  an  increase  of  25 °0  production  against  an  increased 
burning  time  of  20 °0  ;  therefore  from  the  combined  result 
of  burning  time  with  production,  the  balance  is  in  favour 
of  the  24-hour  oven. 

Having  decided  to  spend  8  or  10  lacs  of  rupees  on 
a  plant  I  would  endorse  Mr.  Marshall's  remarks  and  ask 
you  not  to  try  to  economise  by  putting  in  a  lot  of  colliery- 
made  bricks  in  the  foundations.  You  may  save  ten  thou- 
sand rupees  and  lose  a  lac  or  more  in  consequence  very 
easily. 

One  last  word.  Having  built  your  plant,  do  not — please 
do  not — try  to  start  it  up  with  "dead"  slack.  Use  only 
the  very  best  and  don' t  begin  to  experiment  with  unknown 
slack  until  every  part  of  your  plant  has  indicated  what  it 
can  produce  from  slack  of  the  best  available  quantity. 
You  will  by  that  time,  after  working  probably  5  or  6 
months,  have  everything  in  perfect  working  order,  and  you 
will  then  be  able  to  determine  with  considerable  accuracy 
how  far  any  variation  in  results,  production  and  quality, 
is  due  to  the  introduction  of  the  different  raw  material. 

Mr.  C.  B.  Charires: — I  have  listened  to  the  paper  with 
much  interest,  and  the  only  criticism  which  I  wish  to  offer 
is  that  Mr.  Marshall  has  evidently  had  some  doubt  as  to 
the  amount  of  interest  in  the  subject  which  the  members 
of  the  Institute  would  evince,  and  he  has  consequently 
refrained  from  giving  technical  information  in  the  paper. 
I  admit  Mr. Marshall's  difficulty  in  this  respect,  but  I  hope 
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he  will  be  good  enough  to  supply  some  further  information 
in  reply  to  the  discussion. 

I  know  that  there  are  members  of  this  Institute  who 
are  interested  to-day  in  considering  new  coke  oven  installa- 
tions, and  one  of  the  greatest  difficulties  which  faces  the 
prospective  purchaser  of  coke  ovens  is  to  find  a  reliable 
basis  of  comparison  for  the  various  types  of  oven  which 
will  be  put  before  him  if  he  sends  out  enquiries  to  several 
different  makers.  He  will  probably  get  proposals  for  ovens 
with  coking  periods  ranging  from  16  hours  up  to  30  hours, 
with  different  combinations  of  gas  and  air  arrangements, 
and  it  is  extremely  difficult  for  a  purchaser  to  decide  on 
the  most  suitable  plant.  On  the  one  hand  the  shortest 
coking  period  type  of  oven  requires  a  smaller  battery  for 
a  given  output  of  coke  per  month,  and  consequently 
capital  outlay  will  be  lower  than  for  a  long  coking  period 
oven,  which  type  will  require  several  more  chambers  per 
battery  to  produce  the  same  output  of  coke.  On  the  other 
hand  the  question  of  maintenance  has  an  important  bearing 
on  the  subject  as  the  short  coking  period  oven  must  be 
worked  at  a  very  much  higher  temperature  than  the  long 
period  oven,  and  consequently  the  life  of  the  oven  walls  is 
considerably  less  in  the  former  case,  necessitating  frequent 
costly  repairs.  There  are  thus  two  main  items  to  consider 
in  choosing  the  type  of  oven : — 

1.  The    recurring    charges    for    interest   on  capital 

outlay. 

2.  The  maintenance  charges  for  repairs  to  the  ovens. 

The  charges  under  this  latter  item  can  only  be  known 
as  the  result  of  experience  with  the  type  of  refractory 
materials  to  be  used  in  the  construction  of  the  ovens.  If 
this  cost  be  known  it  should  be  possible  to  plot  an  in- 
teresting curve  showing  the  incidence  of  these  two  charges 
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in  the  working  of  ovens  of  different  speeds  for  a  given  out- 
put of  coke,  and  there  will  be  a  certain  point  on  this  curve 
indicating  the  most  economical  speed  at  which  to  work 
ovens  with  the  refractory  material  available.  I  think  it 
would  be  of  great  interest  if  the  author  could  state  from 
his  experience  in  India  the  method  of  working,  the  type 
of  oven,  and  the  coking  period,  which  he  considers  the 
most  economical  when  using  Indian  refractories. 

The  question  of  silica  refractory  materials  has  been 
mentioned  in  the  paper,  and  by  previous  speakers.  The 
first  coke  ovens  were  all  built  with  fireclay  bricks,  but  as 
the  speed  of  working  increased  it  became  necessary  to  find 
a  refractory  material  which  could  stand  higher  tempera- 
tures, and  silica  bricks  are  now  almost  exclusively  employed 
for  the  walls  in  the  modern  Bye-Product  Coke  Oven.  The 
problem  of  making  good  silica  brick  in  India  has  been  the 
subject  of  long  and  interesting  experiments  during  the  last 
seven  or  eight  years  by  Messrs.  Burn  &  Co.,  Ltd.,  Ranee- 
gunge,  and  for  a  time  no  rock  out  of  the  hundreds  of 
samples  tested  proved  really  suitable  for  the  purpose. 
About  three  years  ago,  however,  a  Quartzite  rock  from  a 
new  area  was  tried  with  extremely  satisfactory  results,  and 
coke  oven  walls  made  with  this  silica  brick  have  now  been 
in  operation  in  India  for  three  years,  and  have  proved 
themselves  capable  of  standing  up  to  the  work  very  well 
indeed.  At  the  present  time  one  whole  battery  of  ovens 
has  just  been  completed,  and  three  more  large  batteries 
are  in  hand,  all  to  be  made  throughout  with  Indian  silica 
brick.  These  ovens  are  for  a  24-hour  coking  period,  but 
if  they  prove  thoroughly  successful,  the  experience  gained 
with  them  will  enable  bricks  to  be  made  in  India  for  ovens 
with  a  much  shorter  coking  period,  and  it  is  hoped  to  equal 
the  results  being  obtained  in  America  to-day  with  silica 
brick. 
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Mr.  G.  F.  Adams  drew  attention  to  the  numerous  plants 
in  England  for  dealing  with  non-eoking  coals,  for  the  pur- 
pose of  recovering  the  bye-products.  He  suggested  that 
there  might  be  a  future  in  India  for  such  plants  dealing 
with  non-coking  and  inferior  coals. 

Mr.  F.  L.  G.  Simpson  wrote: — It  would  be  very  useful 
to  members  if  Mr.  Marshall  could  say : 

{a)     What  was  the  quantity  of  coal  treated  for  the 
production  of  the  4,043  tons  of  coke  produced. 

(b)  What  was  the  analysis  of  coal  and  coke  respec- 

tively. 

(c)  What  other  bye-products  besides  tar  and  sulphate 

were  produced. 

(d)  What  percentage  of  the  coal  treated  (if  any)  is 

burnt  awajr  during  coking. 

(e)  What  percentage  of  bye-products  (if  any)  is  lost 

in  the  gases  required  for  heating  the  oven  flues. 
(/)     By  what  amount  would  (d)  and  (e)  be  increased  in 

producing  the  extra  heat  required  to  carbonise 

a  charge  in  24  hours  instead  of  in  36  hours, 
(g)     Whether  it  would   pay  to  convert    an  Indirect 

Recovery  Plant  into  a  Direct  Recovery  one. 

Mr.  G.  W .  Marshall : — I  am  afraid  the  subject  is  much 
too  big  for  me  to  be  able  to  enter  into  further  technical 
details  during  the  discussion,  but  I  have  been  very 
pleased  to  notice  the  keen  interest  shown  by  so  many 
members,  and  for  their  benefit,  and  for  such  members  as 
Mr.  Chartres  who  are  well  known  to  be  directly  interested 
in  the  progress  of  the  coking  industry,  I  shall  be  very 
pleased  to  contribute  another  paper  in  the  near  future 
dealing   with    the   technical   side   of   the   subject,   giving 
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particulars  and  information  regarding  the  various  types  of 
ovens,  and  embracing  my  ideas  of  the  advantages  and 
disadvantages  of  the  different  systems.  As  one  gathers 
from  Mr.  Chartres'  remarks,  the  selection  of  a  Coke  Oven 
Installation  requires  an  expert,  and  many  firms  have  doubt- 
less suffered  through  allowing  this  selection  to  be  made  by 
an  important  member  of  the  firm  knowing  practically 
nothing  about  the  subject. 

As  regards  the  question  as  to  when  the  point  is 
reached  at  which  a  higher  working  temperature  would  not 
justify  the  extra  maintenance  charges,  it  is  impossible  to 
lay  dowm  any  general  rule.  With  '  salty '  coals  in  ovens 
built  of  fireclay  bricks  in  England,  it  was  found  economical 
to  work  at  such  a  temperature  that  the  walls  had  to  be 
rebuilt  every  18  months  or  so,  but  no  one  would  advocate 
such  a  short  life  in  India,  with  good  coal  and  silica  bricks. 

My  own  estimate  for  the  life  of  an  oven  wall  is  about 
5  years,  and  if  the  new  silica  bricks  will  stand  this  length 
of  time,  with  a  24-hour  coking  period,  I  think  we  shall  all 
be  highly  satisfied. 

In  reply  to  the  questions  asked  by  Mr.  Simpson,  the 
quantity  of  coal  treated  was  5,116  tons;  the  analysis  of 
the  coal  and  coke  being  : 
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As  regards  the  question  of  conversion  to  '  direct  re- 
covery,' I  decided  several  years  ago  that  any  increased  yields 
to  be  expected  would  not  justify  the  cost  of  conversion. 


Buckets  for  Mine  Pumps. 

BY 

N.   P.   Fielding. 

(With  one  Plate.) 

During  the  war  some  difficult}-  was  experienced  in 
procuring  suitable  leather  for  pump  buckets  and,  even 
when  available,  the  cost  was  excessive.  For  this  reason 
it  was  decided  to  experiment  with  a  view  to  finding  some- 
thing cheaper  that  would  work  satisfactorily  to  take  the 
place  of  the  leather. 

The  plunger  described  below  was  designed  and  tried, 
and  has  been  found  to  give  excellent  results.  A  consider- 
able saving  in  cost  of  material,  labour,  wear  on  the  pump 
barrels,  and  piston  rods  has  resulted. 

In  place  of  the  three  brass  pieces  that  hold  the  two 
leather  buckets  of  the  usual  design  (fig.  I-A  and  B),  a 
brass  plunger  (fig.  II-A  and  B)  was  made  in  one  piece 
with  two  grooves  in  it  to  take  the  wooden  rings  (figs.  Ill 
and  IV- A  and  B).  Four  small  holes  (C,  fig.  II)  were 
drilled  through  the  two  ends  of  the  plunger  but  not  through 
the  centre.  The  reason  for  these  is  given  in  the  next  para- 
graph. 

The  wooden  rings  were  made  in  two  pieces  for  plun- 
gers up  to  6"  diameter  and  in  three  for  those  above  that 
size.  The  joints  of  the  pieces  were  scarved  so  that  one 
overlapped  the  other  about  i"  as  shown  at  C,  figs.  Ill 
and  IV.     This  was  done  to  prevent  slip  when  the  rings 
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had  worn.  The  bore  of  the  rings  was  made  larger  than 
the  diameter  of  the  plunger  at  the  bottom  of  the  grooves 
to  enable  the  pressure  of  the  water  passing  through  the 
holes  (C,  fig.  II)  to  force  the  rings  outwards  against  the 
pump  barrel. 

In  working  it  was  found  when  the  rings  had  worn  that 
a  certain  amount  of  slip  occurred  from  the  bore  of  the 
ring  through  the  joints.  To  prevent  this  the  rings  were 
fitted  with  small  pieces  of  leather  (D,  figs.  Ill  and  IV)  of 
the  same  width  as  the  grooves,  fixed  to  the  centre  of  each 
piece  of  the  ring  so  that  the  end  of  one  overlapped  the 
other,  covering  the  joint  of  the  rings.  This  was  quite 
successful. 

These  plungers  have  been  fitted  to  several  pumps  on 
the  East  Indian  Railway  Collieries  at  Giridih.  In  work- 
ing it  has  been  found  that : — 

(a)  They  need  ven-  little  attention. 

(b)  The  plunger  never  gets  loose  on  the  rod  as  always 

occurs  with  pumps  fitted  with  leather  buckets ; 
this  is  one  of  the  chief  causes  of  broken  rods 
and  worn  threads. 

(c)  The  wooden  rings  do  not  groove  the  pump  barrel 

even  when  pumping  gritty  water. 

(d)  As  the  covers  do  not  have  to  be  taken  off  so  often 

a  saving  in  jointing  material  results. 

(e)  The  chief  saving  is  in  the  leather  buckets,  as  one 

pair  of  rings  will  work  as  long  as  several  pairs 
of  buckets. 

Below  are  given  details  of  the  working  and  costs  of 
three  pumps,  working  under  different  conditions,  fitted  with 
these  plungers. 
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Evans'  Special  Cornish  Pump. 

12"  steam  6"  water  2'-o"  stroke,  working  at  Bitagarah  shaft. 

Lift  of  pump  . .  . .       240  feet. 

The  pump  was  fitted  with  a  new  plunger  and  put  to 
work  on  4-1-19.  Since  that  date  to  14-5-19  three  pairs  of 
wooden  rings  have  been  fitted.  During  the  same  period 
last  year  three  pairs  of  leather  buckets  per  month  were 
used. 

The  cost  of  a  pair  of  leather  buckets,  6"  diameter,  is  ap- 
proximately Rs.  6/-,  and  of  a  pair  of  sisoo  or  mango  wood 
rings  Re.  1/8/-. 

In  about  4J  months  there  has  been  a  direct  saving  of 
Rs.  73/8/-  in  leather  alone. 

Tang  ye'  s  Special  Pump. 

10"  steam  5"  water  12"  stroke,  working  in  Kalimaran  Dip. 

Lift  of  pump  .  .  .  .  75  feet. 

Length  of  delivery  .  .  . .        550     „ 

The  pump  was  fitted  with  a  new  plunger  and  put  to 
work  on  20-10-18.  Since  that  date  to  14-5-19  four  pairs  of 
wooden  rings  have  been  fitted.  During  the  same  period 
last  year  8  pairs  of  leather  buckets  were  used  per  month 
(the  water  was  very  dirty). 

The  cost  of  a  pair  of  leather  buckets  5"  diameter  is 
approximately  Rs.  4/8/-,  and  of  a  pair  of  sisoo  or  mango 
wood  rings  Re.  1/8/-. 

In  approximately  7  months  there  has  been  a  direct 
saving  of  Rs.  237/-  in  leather  alone. 
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Hayward  Tyler  &  Co.'s  Compound  Duplex  Pump. 

9"  and  14"  steam  8J"  water  12"  stroke,  working  at  16  A  for 

water  supply. 

Lift  of  pump  .  .  .  .  77  feet. 

Length  of  delivery  . .  .  .     2,335     „ 

The  pump  was  fitted  with  a  new  plunger  and  put  to 
work  on  18-12-18.  Since  that  date  to  14-5-19  four  pairs  of 
wooden  rings  have  been  fitted.  Previously  four  pairs  of 
leather  buckets  were  used  monthly. 

The  cost  of  a  pair  of  leather  buckets  8£"  diameter  is 
approximately  Rs.  11/-,  and  of  a  pair  of  sisoo  or  mango 
wood  rings  Rs.  2/8/-. 

In  approximately  5  months  there  has  been  a  direct 
saving  in  leather  alone  of  Rs.  210/-. 

DISCUSSION   OX   Mr.  FIELDING'S    PAPER. 

Mr.  F.  L.  G.  Simpson  wrote : — I  feel  sure  it  would  be 
very  useful  if  Mr.  Fielding  would  say  : 

(a)  What  other  class  of  plunger  rings  he  has  tried 

besides  the  wooden  ones. 

(b)  If  he  has  tried  metal  rings  and  whether  they  were 

of  the  same  scarfed  pattern  as  the  wooden  ones 
described,  or  of  the  ordinary  piston  ring  type. 

(c)  What  were  the  reasons  for  preferring  wooden  rings 

over  metal  ones,  other  than  the  question  of  price. 

(d)  Whether  the  corners  of  the  wooden  rings  are  made 

square  to  start  with,  and  whether  they  wear 
away  more  than  the  rest  of  the  ring. 

(e)  What  proportion  of  the   wooden   ring   may   be 

allowed  to  wear  down  without  loss  of  efficiency. 
(/)     Whether  the  wooden  rings  give  the  same  amount 
of  water  per  stroke  as  the  leather  buckets. 
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Mr.  N .  P.  Fielding  :— In  answer  to  the  questions  asked 
by  Mr.  F.  L.  G.  Simpson,  no  other  kind  of  plunger  rings  have 
been  tried.  The  wooden  ones  worked  so  satisfactorily  that 
it  was  thought  unnecessary  to  try  others.  Wooden  rings 
were  much  easier  to  fit  and  the  wear  on  the  working  barrels 
would  not  be  nearly  so  much.  (The  barrels  in  which  these 
rings  are  working  are  quite  smooth  and  show  very  little 
signs  of  wear  and  no  scoring).  The  corners  are  square  and 
do  not  wear  away  any  faster  than  the  rest  of  the  ring. 
If  the  overlap  of  the  scarfed  joint  is  i "  they  may  be  allowed 
to  wear  f",  that  is,  until  the  joint  has  only  J"  overlap. 
Whether  the  wooden  rings  give  the  same  amount  of  water 
per  stroke  as  leather  buckets,  has  not  actually  been  tried 
by  measurement.  The  delivery  discharge  appears  to  be 
the  same  and  the  pumps  do  not  have  to  work  any  longer 
than  when  fitted  with  leather  buckets. 


Meeting  at  Jharia. 

Held  at  the  Jharia  Club  on  Monday,   the  8th  September,    1919. 

The  Third  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Jharia 
Club,  on  Monday,  the  8th  September,  1919,  at  10  a.m.,  for 
the  reading  and  discussion  of  papers. 

Present : — Mr.  G.  C.  Lathbury,  President  (in  the  chair),  Messrs. 
G.  F.  Adams,  H.  S.  Allen,  Chas.  E.  Ashcroft,  K.  Barrowman,  R.  G.  M. 
Bathgate,  N.  G.  Chatterjee,  D.  P.  Davies,  L.  Diamond,  F.  B.  Foster, 
R.  L.  P'rizoni,  Tom  S.  Gibson,  C.  A.  John  Hendry,  Alec  B.  Hughes, 
Jhaverilal  K.  Dholakia,  Labhshankar  S.  Dholakia,  H.  Lancaster,  G.  C. 
Leach,  G.  W.  Marshall,  Jas.  Mason,  Jas.  A.  Oliver,  Jas.  E.  Phelps. 
H.  C.  Read,  F.  L.  G.  Simpson,  J.  B.  Wardlaw,  and  E.  H.  Roberton 
(Honorary  Secretary) — Members. 

Messrs.  J.  B.  Argyle,  P.  B.  Davies,  G.  Entwisle,  Ambashankar  K. 
Dholakia,  D.  D.  Macdonald.  A.  T.  Robinson,  and  A.  K.  Trivedi — 
Visitors. 

The  minutes  of  the  Second  Ordinary  General  Meeting 
were  read  and  confirmed. 

In  the  absence  of  the  author,  the  President  then 
asked  the  Honorary  Secretary  to  read  Mr.  Brown's  paper 
on  "Quarrying  a  thick  coal  seam  in  India,  with  notes  on 
Haulage  and  Drainage."  Discussion  on  this  paper  was 
postponed. 

The  paper  on  "Notes  regarding  proposed  Sand  Packing 
at  Ramnagar  "  was  then  read  by  the  author,  and  was 
partially  discussed. 

The  discussion  on  Mr.  McCale's  paper  "Welding  Pit 
Guide  Ropes,  and  some  methods  of  Welding  "  was  definitely 
closed. 
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Some  further  discussion  on  "  Bye'-Product  Coke  Ovens  " 
by  Mr.  G.  W.  Marshall  took  place. 

In  connection  with  Mr.  Fielding's  paper  on  "Buckets 
for  Mine  Pumps,"  a  sample  bucket  was  placed  on  the 
table  for  the  inspection  of  the  members  present. 

Mr.  Adams  then  explained  the  report  of  the  informal 
conference  held  on  July  29th  last  as  to  the  possible  future 
relations  of  the  Institute  with  the  Indian  Society  of  En- 
gineers. Some  discussion  took  place,  but  it  was  agreed 
that  nothing  definite  could  be  proposed  until  the  final  draft 
of  the  rules  of  the  new  Society  was  circulated  to  the  mem- 
bers. 

A  vote  of  thanks  to  the  President  was  proposed  and 
carried,  and  another  to  the  Jharia  Club,  for  the  use  of  the 
Club  premises,  closed  the  meeting. 


Quarrying  a  Thick  Coal=seam  in  India, 
with  notes  on  Haulage  and  Drainage. 

BY 

J.   Brown. 

(With  three  Plates.) 

The  "  Kargali  "  seam  of  the  E.I.  Railway  and  B.N. 
Railway  Joint  Colliery  at  Bokaro  attains  a  maximum 
thickness  of  104  feet,  consisting  of  go  feet. of  good  coal  and 
14  feet  of  black  shale  and  stone  bands,  none  of  which 
exceed  2  feet  in  thickness. 

A  syncline  exists  in  the  area  which  is  being  quarried — 
a  general  idea  of  the  latter  being  shown  in  plan  and  section 
(Figs.  I  and  II).  On  both  sides  of  this  syncline  the  upper 
portion  of  the  seam,  with  its  overlying  strata,  are  absent 
owing  to  denudation.  From  the  north  side  the  coal  dips 
at  the  rate  of  about  1  in  10  in  the  direction  S.  400  E.,  and 
from  the  south  side  at  the  rate  of  1  in  12. 

The  overburden  of  the  seam  consists  of  earth,  clay 
and  pebbles — its  thickness  varying  from  S  to  40  feet — and 
at  the  syncline  there  is  5  to  10  feet  of  roof  stone  pre- 
sent. 

Method  of  Working. 

The  coal  is  worked  on  the  face  by  the  overhand  stop- 
ing  system  in  a  series  of  benches  or  steps  about  6  feet  high 
and  not  less  than  12  feet  apart.     The  removal  of  the  over- 
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burden  by  coolies  and  subsequent  extraction  of  coal  is 
started  at  the  outcrop  end  and  worked  back  towards  the 
dip.  The  economic  outcrop  line  is  ascertained  by  putting 
down  shallow  hand  borings.  Excavation  is  commenced  at 
a"  thickness  of  about  8  or  10  feet  of  good  coal  according  to 
the  thickness  of  cover  present. 

The  earth  is  thrown  in  the  first  case  well  clear  of  the 
quarry  boundary,  use  being  made  of  these  spoil  heaps  to 
dam  off  all  nallahs  and  rivulets  which  would  otherwise 
allow  water  to  pass  into  the  quarry  only  to  be  pumped  out 
again.  When  a  sufficiently  large  area  of  floor  stone  has 
been  exposed  by  extracting  the  coal  the  spoil  is  thrown 
here — light  wooden  bridges  (G,  plate  7,  figure  I)  being  con- 
structed from  the  coal  face  for  this  purpose.  The  coal  form- 
ing the  approach  to  these  bridges  is  not  cut  as  the  coal  faces 
advance,  but  is  left  temporarily  for  the  earth-carriers.  In 
this  way  ribs  or  spurs  of  coal  are  left  which  serve  as  water 
dams  during  the  rainy  season. 

Side-tipping  tubs  are  used  for  conveying  the  earth  to 
the  open  quarry  where  the  distances  become  great.  Dis- 
tances of  up  to  500  feet  only  are  popular  with  the  labour 
for  carrying.  Beyond  this  distance  side-tipping  tubs  are 
filled  and  hauled  to  the  spoil  dumps  in  the  quarry. 

Three  to  five  tub  line  tracks  for  coal  filling  are  laid  side 
by  side  on  wide  benches  which,  in  the  thicker  portion  of  the 
seam,  are  placed  about  30  feet  apart  vertically.  These 
tub  lines  are  moved  back  on  their  own  benches  about 
every  40  or  80  feet  as  the  faces  advance.  Coal  is  loaded 
by  women  and  boys  into  tubs  on  these  benches  from  two  or 
three  cutting  faces  above  and  below.  The  bottom  coal  face 
is  always  kept  at  least  30  feet  in  advance  of  the  spoil. 
Plate  8,  figure  III  shows  a  section  of  the  quarry  at  east 
end  at  C,  and  figure  IV  a  section  at  E. 
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Haulage. 

From  the  ends  of  the  endless  rope  haulage  all  the  tub 
lines  rise  at  a  gradient  of  i  in  90.  Trains  or  sets  of  60  or 
more  full  tubs  with  only  a  little  pushing  are  run  with  ease 
on  to  the  endless  rope.  This  is  so  arranged  that  tubs  can 
be  hauled  from  three  different  levels,  and  when  the  coal 
faces  advance  further  to  the  dip  another  dip  haulage  will  be 
put  in  so  that  the  bottom  loading  lines  will  be  near  the  floor 
of  the  seam.  Plate  8,  figure  V  is  a  diagram  of  the  haulage 
lay-out.  The  engine — situated  near  the  boilers,  screening 
plant  and  pits — is  80  H.P.,  has  a  drum  4  ft.  diameter,  and 
the  rope — which  is  the  ordinary  Lang's  lay  2f"  circum- 
ference—travels at  a  speed  of  i|  miles  per  hour. 

On  the  dip  haulage  of  1  in  8  gradient  only  sets  of  four 
full  tubs  of  15  cwt.  carrying  capacity  each  are  put  on,  but 
on  the  1  in  30  grade  eight  full  tubs  are  put  on  each  set. 
Twenty  to  thirty  empties  form  sets  on  the  latter  grade  and 
eight  empties  to  a  set  on  the  former.  The  engine  is  stopped 
or  started  from  any  point  on  the  haulage  by  means  of  the 
usual  electric  signals.  Telephones  are  also  installed  at  the 
top  and  bottom  of  the  haulage. 

The  rope  makes  three  turns  on  the  engine  drum,  and 
to  prevent  the  rope  climbing  and  slipping  back  the  cast 
iron  drum  segments  have  a  taper  of  10  degrees.  The  full 
rope  goes  on  at  the  bigger  diameter,  comes  off  at  the 
smaller  side  and  goes  direct  to  the  tension  wheel. 

The  object  of  the  tension  arrangement  here  is 

(1)  to  keep  the  rope  tight  on  the  drum, 

(2)  to  pull  back  the  rope  as  it  stretches,  and 

(3)  to  pull  back  slack  rope  at  any  time  it  is  formed 

by  variation  of  the  load  put  on  the  rope. 

The  bottom  dip  haulage  tension  arrangement  keeps 
the  rope  fairly  taut,  takes  up  any  slack  rope  caused  at  this 
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end,   and   prevents  any  risk  of  the  rope  getting  off  the 
4  feet  horizontal  pullies  at  the  junction  M. 

The  length  of  travel  of  the  tension  trolley  next  the 
engine  is  an  important  point.  It  should  be  at  least  60  feet, 
and  preferably  longer  in  a  long  and  heavy  haulage  because, 
when  the  rope  has  stretched  so  much  that  it  becomes  neces- 
sary to  shorten  it,  the  tension  trolley  can  be  pushed  back 
about  60  feet  thus  giving  120  feet  of  slack  rope.  Advantage 
is  taken  of  this  length  to  cut  out  the  original  splice  and 
supply  the  necessary  rope  for  making  the  new  splice. 
There  is  thus  still  one  splice  in  the  rope  after  shortening. 
A  new  rope  stretches  very  quickly  at  first  and  continues 
to  do  so  throughout  its  life.  When  a  new  rope  is  put  on 
(by  splicing  into  the  old  one  and  being  pulled  round  by 
the  engine  off  a  reel)  the  tension  trolley  is  pushed  up  to 
the  top  of  its  run,  the  rope  is  pulled  tight  by  blocks  and 
tackle  and  then  spliced.  A  plan  and  elevation  of  the  ten- 
sion arrangements  are  shown  in  Plate  8,  figure  V.  A  is 
the  tension  pulley  with  carriage,  and  the  top  and  bottom 
axle  bearing  frames  have  3"  x  ¥  flat  mild  steel  strips  bolted 
to  the  sides  and  coupled  up  by  short  chains  to  an  iron  ring. 
To  this  ring  is  attached  (1)  a  regulating  chain  BC  con- 
nected to  rope  D,  also  (2)  a  tail  rope  J. 

The  former  consists  of  short  lengths  of  3  to  6  feet  chains, 
f  inch  diameter,  joined  together  by  shackles  and  pins,  and 
at  C  a  piece  of  rope  2  J"  in  circumference  is  suitably  coupled 
to  the  chain.  This  rope  D  passes  over  pullies  E  and  F  to  the 
weights  G  in  or  over  the  pit  H,  and  is  of  such  length  that 
when  the  weights  are  at  pit  bottom  the  connecting  socket 
to  chain  does  not  foul  the  pulley  E.  K  is  a  strong  screw 
clutch  about  12  inches  long  for  seizing  the  tail  rope  J.  The 
height  to  the  pulley  F  from  the  pit  bottom  is  about  20  feet, 
the  pit  is  about  2 '-6"  diameter  inside  brick  lining,  and  the 
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weights  G  are  made  up  of  flat  slabs  of  cast  iron  weighing 
about  if  tons  total. 

When  the  haulage  rope  stretches,  the  weights  descend 
until  they  are  within,  say,  2  feet  of  pit  bottom.  They  are 
then  raised  up  to  a  point  so  that  the  socket  of  the  rope  D 
(at  weight  end)  is  not  nearer  than  i  foot  to  the  pulley  F. 
The  procedure  of  lifting  the  weight  G  is  as  follows : — 

A  right  and  left-hand  tightening  square-thread  screw 
of  about  7  feet  in  length  is  unscrewed  to  its  full  extent 
(thus  making  its  link  extremities  about  13  feet  apart)  and 
coupled  up  by  shackles  and  pins  to  the  chains  between  the 
points  B  and  C.  The  screw  is  then  tightened  up,  thus  raising 
weights  and  causing  slack  chain  between  the  points  of 
screw  attachment.  A  6  feet  length  of  slack  chain  is  then 
detached  and  put  aside,  and  the  remaining  chain  joined 
up  again.  The  screw  is  then  slackened  off  until  the  chain 
and  rope  BCD  take  weight,  whereupon  the  screw  is 
uncoupled  and  unscrewed  to  its  full  extent  again  and  the 
operation  repeated  until  weights  G  are  within  a  few  feet 
of  pulley  F.  The  tail  rope  clutch  is  then  slackened,  rope 
J  pulled  through  and  seized  again  by  clutch.  This  tail 
rope  prevents  the  tension  carriage  being  pulled  back  too 
far  towards  the  engine  which  would  cause  the  weights  G 
to  be  pulled  up  into  pulley  F  and  cause  a  breakage.  In 
ordinary-  working  the  tail  rope  J  is  so  arranged  that 
weights  cannot  be  pulled  up  into  F  and,  when  the  weights 
are  well  clear  of  the  pulley,  the  tail  rope  may  be  left 
with  a  few  feet  of  slack  to  allow  elasticity  of  working. 
The  raising  of  weights  by  this  method  can  easily  be 
done  by  two  intelligent  coolies  and  does  not  interfere  with 
the  running  of  the  haulage  except  for  a  few  minutes  while 
regulating  the  tail  rope  J. 

A  tension  arrangement  similar  to  that  shown  for  the 
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dip  haulage  would  be  ideally  situated  near  the  engine  in 
place  of  the  arrangement  just  described,  provided  the 
ground  permitted  of  this  being  done.  Less  regulation  work 
and  careful  watching  would  be  required  and  there  would 
not  be  the  same  danger  of  the  weights  G  being  allowed  to 
touch  the  pit  bottom,  causing  slack  rope  on  the  haulage 
drum ;  the  latter  would  mean  loss  of  control  of  the  rope  at 
the  engine. 

The  dip  tension  arrangement  shown  in  figure  V  simply 
consists  of  a  carriage  N  on  18-inch  wheels  supporting  the 
4-feet  diameter  pulle3r,  and  behind  this  is  another  carriage 
O  weighted  with  about  5  tons  of  scrap.  The  gradient  of 
the  line  on  which  this  runs  is  1  in  3$.  There  is  a  check 
chain  P  attached  to  the  back  of  the  weight  carriage  and 
to  a  seizing  point  O  at  the  bottom  of  the  run.  This  chain 
prevents  the  pulley  being  pulled  up  too  far.  During  the 
greater  time  the  haulage  is  running  this  chain  is  taut,  and 
it  is  only  when  lowering  excess  empties  on  the  1  in  30 
grade  and  when  lowering  empties  on  the  1  in  8  grade  that 
the  tension  carriage  runs  back  taking  up  the  slack  rope. 
A  seizing  point  R  is  also  made  in  the  ground  above  the  ten- 
sion carriage  run,  so  that  tackle  can  be  coupled  for  drawing 
up  and  lowering  the  tension  arrangements  when  required. 

Fig.  V  at  M  shows  the  pulley  arrangement  at  the  junc- 
tion. The  4-feet  pulleys  are  in  the  same  horizontal  plane 
as  the  rope  from  pullies  S,  T,  U,  V,  and  their  frames  are 
strongly  built  in  and  bolted  down.  On  the  full  tub  side 
at  the  junction  the  rope  is  held  down  by  pullies  as  shown  in 
section  on  XY,  to  allow  of  free  passage  of  the  tubs  from 
the  three  feeding  lines. 

For  draining  away  water  there  is  a  cutting  W  4'-6" 
deep  by  3'-o"  wide,  and  this  also  permits  of  proper  inspec- 
tion and  lubrication  of  the  pullies. 
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The  following  figures  are  given  for  two  ropes  used  on 
the  surface  endless  haulage  at  the  E.I.Ry.  and  B.N.Ry. 
Joint  Colliery  at  Bokaro  : — 

First  rope.         Second  rope. 
.    7,800  ft.  9,000  ft. 


Length  of  rope 
Cir.  of  rope 
Gradients 


3" 


1  in  30 


2f 


3" 


Stretch  of  rope 
Life  of  rope 
Coal  raised 


As  per  diagram, 
plate  8,  figure 
V. 
120  ft.  (approx.)  200  ft.  (approx.) 
23  months  18  months. 

357,000  tons        447,000  tons. 
Ropes  vary  much  in  quality  and  some  of  those  made 
in  very  recent  years  appear  to  be  somewhat  inferior  to 
those  from  which  the  above  figures  are  taken. 

About  once  a  month  in  the  dry  season,  and  more 
often  in  the  rains,  the  rope  is  well  greased,  the  mixture 
used  being — 

1  part  by  weight  of  No.  8  or  9  machinery  oil. 
31     „      „        „       of  plumbago. 
141     „      „        „       of  grease. 

The  whole  is  ground  up  and  mixed  in  a  paint  mill,  the 
finished  product  being  known  as  graphite  grease. 

Horizontal  friction  rollers  are  spaced  30  feet  apart 
and  "kick-up"  bars  are  placed  at  suitable  intervals  to 
arrest  possible  runaway  tubs  on  the  full  tub  side. 

The  haulage  clip  is  the  ordinary  screw  clip  shown  in 
plate  9,  figure  VII.  The  body,  consisting  of  bottom  jaw  and 
upper  portion  for  passing  of  screw  and  bar  attachment,  is  of 
forged  steel.  The  screw  is  |- "  diameter,  Whitworth  thread, 
and  is  attached  to  the  top  jaw  at  its  lower  end.  The  length 
of  the  jaw  is  5  J",  and  the  ends  are  slightly  rounded  off.  For 
heavy  loads  with  steep  grades  a  longer  jaw  would  be  advis- 
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able,  as  the  rope  would  otherwise  be  needlessly  bent.  On 
the  heavy  undulating  haulages  at  Whitehaven  Colliery  in 
Cumberland  a  clutch  bogie  is  placed  at  both  ends  of  the 
sets  of  tubs.  The  clutch  is  14  inches  in  length  and  is 
mounted  on  a  frame  built  up  of  8  inch  square- section  oak 
timber.  Sets  of  22  tubs,  each  of  15  cwt.  carrying  capacity, 
used  to  be  pulled  up  a  grade  of  1  in  8  by  these  clutch 
bogies. 

Reference  might  be  made  to  the  making  of  a  curve 
on  the  surface  endless  haulage  at  Bokaro.  Under- 
ground it  is  made  a  sound  job  by  butting  the  sleepers  up 
against  the  road-side,  and  if  necessary  propping  on  the 
outer  edge  of  the  curve  from  the  sleepers  to  the  roof 
to  prevent  them  being  pulled  out.  On  the  surface,  how- 
ever, such  supporting  places  are  absent,  and  the  curve  has 
got  to  be  held  down  by  fastening  the  sleepers  to  piles  let 
into  the  ground.  It  is  advisable  to  have  a  large  radius 
curve  so  that  the  pressure  on  each  pulley  and  sleeper  is 
more  distributed.  In  a  100  feet  radius  curve  joining 
roads  forming  an  angle  of  1260,  plate  8,  figure  VI  shows  the 
procedure  adopted.  The  gradient  of  the  road  was  1  in  30. 
Sleepers  10  feet  long  by  10"  x  5"  section  were  laid  2'-6" 
centre  to  centre  with  the  inner  edge  of  the  curve  raised  4". 
The  ends  of  the  sleepers  at  the  outer  edge  were  morticed 
and  held  by  iron  cotter  pins  to  vertical  sleepers  5  feet  long 
let  into  the  ground  and  rammed  round  with  stones.  Ver- 
tical pulleys  7"  in  diameter  were  bolted  down  to  each  alter- 
nate sleeper  on  the  full  side  and  the  same  on  the  empty  side, 
no  two  pulleys  being  on  any  one  sleeper.  The  rope,  espe- 
cially when  a  bad  derailment  or  other  seizure  occurs,  tends 
to  make  some  point  give  way,  and  curves,  unless  strongly 
built,  are  very  liable  to  suffer.  The  curve  described  always 
held  firm. 
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Drainage. 

It  was  of  the  greatest  importance  to  get  the  pit  at  A 
(Fig.  I)  sunk  to  the  bottom  of  the  seam,  to  drive  a  few  water 
standage  galleries  and  to  connect  up  gallery  AB  to  the  open 
quarry  as  early  as  possible.  Shallow  pits  were  sunk  about 
300  ft.  apart  to  the  gallery  AB  for  ventilation  during 
driving. 

Figure  I  shows  the  areas  C,  D,  E,  F  which  hold  the 
accumulated  water  from  a  heavy  rainfall  until  an  oppor- 
tunity arrives  to  drain  these  areas.  At  B,  in  front  of  the 
gallery,  a  brick  dam  about  15  feet  high  is  built,  the  top 
being  open  for  the  water  to  overflow  into  the  gallery  and 
having  a  number  of  cast  iron  pipes  6"  to  8"  diameter  built 
in  at  different  levels.  The  first  pipe  is  placed  about  4  feet 
above  the  stone  floor,  the  other  pipes  being  15"  to  18" 
apart.  The  spurs  of  coal,  which  divide  the  quarry  into  the 
four  water  catchment  areas,  each  have  a  gallery  driven 
connecting  one  area  with  the  other.  These  galleries  are 
driven  4  or  5  feet  above  the  stone  floor,  are  about  10  feet 
high  and  are  within  a  few  feet  of  the  lowest  working  coal  face. 
Brick  dams  are  built  in  these  galleries  and  are  also  fitted 
with  pipes;  the  object  of  these  is  to  hold  back  the  water 
and  to  regulate  its  flow  to  a  lower  area  without  allowing 
mud  to  be  drawn  through.  When  the  wet  season  starts  a 
lot  of  the  spoil  earth  is  washed  down  towards  the  quarry 
coal  face  and,  if  allowed  to  be  carried  forward  by  the  flow 
of  water,  would  very  soon  choke  up  the  sump  and  lower 
end  of  connecting  gallery  AB.  To  avoid  this  the  pipes 
are  all  kept  shut  at  first  and  when  a  heavy  rainfall  occurs 
a  small  lake  is  formed  at  the  lower  end  of  each  area 
C,  D,  E  and  F.  Most  of  the  mud  washed  down  then  settles 
at  the  outer  edge  of  the  lake  in  still  water  and  very  little 
reaches  the  dams.     Before  the  end  of  the  rainy  season, 
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however,  the  thickness  of  mud  is  5  to  8  feet  in  front  of 
some  of  the  dams.  Care  is  taken  to  pipe  off  the  water  (by 
opening  the  blank  flanges  of  pipes  from  the  top  of  the  water 
downwards)  only  equal  to  the  pumping  capacity  and  no 
pipe  is  opened  within  about  one  foot  of  the  accumulated 
mud.  After  a  heavy  rainfall,  areas  C,  D,  E,  F  are  gradually 
dewatered  and  pipes  again  closed  off.  It  is  found  safer  to 
shut  off  all  pipes  about  6  p.m.  each  day  and  allow  water  to 
accumulate  overnight,  than  to  leave  pipes  open  and  trust 
to  a  khalasi  doing  the  necessary  shutting  off  in  a  very 
heavy  downpour  on  a  dark  night.  If  at  6  p.m.  there  is  a 
lot  of  water  in  the  areas,  then  dewatering  continues  until 
it  is  within  about  one  foot  of  the  deposit  of  mud.  In 
exceptionally  heavy  rains  during  any  time  of  the  24  hours 
both  the  pumps  are  worked  at  their  full  capacity,  the 
upper  pipes  only  being  opened  well  above  the  mud.  At 
the  end  of  the  wet  season  the  gallery  AB  and  pit  sump 
are  cleaned  out. 

As  previously  stated,  surface  water  flowing  into  the 
quarry  is  minimised  as  far  as  possible  by  building  high 
"bandhs"  and  diverting  streams.  The  bottom  bench 
coal  face  is  left  10  or  12  feet  high  before  the  rains 
come  so  that  mud  and  silt  do  not  form  on  the  top  of 
floor  coal.  After  the  wet  season  coal  cutting  at  this  face 
is  resumed,  a  small  vertical  rib  of  coal  being  left  to  keep 
back  the  mud. 

With  a  quarry  catchment  2,000  feet  long  by  600  feet 
wide  the  area  is  1,200,000  sq.  ft.  A  3-inch  rainfall  in  24 
hours  equals  1,875,000  gallons.  This  means  that  the  two 
pumps,  each  with  a  delivery  of  30,000  gallons  per  hour, 
would  have  the  quarry  water  out  in  a  little  over  24  hours. 
The  "come"  of  water  from  the  seam  itself  is  almost 
negligible.     The  pumps  used  are  Evans'    sinking  pumps 
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which  were  employed  in  the  sinking  of  the  North  and 
South  shafts.  They  are  slung  free  on  chains  as  well  as 
the  steam  and  delivery  pipes,  and  in  the  event  of  being 
drowned  out,  can  be  easily  and  quickly  raised  up. 

The  question  naturally  arises  if  it  is  not  the  better 
plan  to  work  the  coal  to  the  rise  from  the  syncline. 
Unless  a  large  area  of  the  overburden  at  the  syncline  could 
be  conveniently  conveyed  to  a  distant  point  clear  of  the 
quarryable  area,  and  the  area  for  dumping  spoil  is  not 
required  for  other  purposes,  then  it  is  obviously  the  best 
way  to  work  to  the  dip  from  the  outcrop  and  dump  the 
spoil  into  the  excavation  so  formed.  If  the  overburden 
for  a  considerable  area  were  moved  away  at  the  syncline 
and  moved  away  clear  of  the  quarryable  area,  and  cutting 
down  commenced  to  the  seam  bottom,  it  would  even  then 
be  a  large  proposition  to  dump  the  spoil  into  the  excavat- 
ed area  unless  a  good  endless  aerial  rope  haulage  were 
introduced  for  the  work.  The  writer  is  of  opinion  that 
the  drainage  question  would  offer  no  advantages  over  the 
method  above  described  for  working  towards  the  dip.  In 
working  towards  the  rise  the  water  would  run  along  the 
spoil  earth  face  and  scour  it  out  unless  regulating  ribs  of 
coal  were  left  as  in  working  to  the  dip.  Much  delay  would 
occur  in  opening  out ;  and  taking  everything  into  con- 
sideration, there  appears  to  be  no  doubt  that  working  to 
the  dip  under  conditions  described  in  this  paper  is  the 
best. 


Notes  regarding  proposed  Sand  Packing  at 

Ramnagar. 

BY 

C.   A.   John  Hendry,   F.R.G.S.,   A.M.I.M.E. 

(With  five  Plates.) 

In  a  previous  paper  entitled  "  Some  Primary  Con- 
siderations in  Hydraulic  Stowing  "  '  the  writer  endeavoured 
to  set  out  certain  suggestions  regarding  investigations  that 
should  be  made,  in  order  that  sand  packing  should  be 
scientifically  carried  out. 

The  present  paper,  originally  written  with  particular 
regard  to  the  circumstances  prevailing  at  Ramnagar  col- 
liery, requires  to  be  read  in  conjunction  with  the  previous 
one,  since  some  attention  was  given  to  the  introduction 
of  sand  into  mines,  the  sand  having  to  be  brought  in  large 
quantities  from  a  distance.  In  the  case  of  Ramnagar,  in 
common  with  many  other  mines,  the  sand-bearing  area  is 
situated  in  a  river-bed  immediately  adjacent  to  the  mine^ 
indeed  in  this  case  the  coal  extends  under  the  river  itself. 
The  sketch-plan  of  the  workings  to  be  packed  illustrates 
this,  and  it  will  be  seen  that  the  river-bed  level  is  shown 
as  +982  feet,  and  we  may  take  this  as  a  datum  when  con- 
sidering other  levels. 

1   Transactions ,  Mitt.  Geol.  Inst.  Ind.,  XII ,  pp.  90 — 128  (1918). 
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There  are  four  inclines  designated  Nos.  I,  2,  3  and  4 
with  levels  at  the  outlet  of  +1000,  +1026,  +1033,  and 
+  1037  feet,  respectively.  The  property  is  intersected  by 
a  dyke  and  the  area  above  this  towards  the  mouth  of  the 
inclines  requires  stowing.  The  top  of  the  coal  immediate 
ly  before  the  dyke  is  at  a  level  of  870  feet  along  the  dotted 
line  shown,  and  this  will  give  a  head  982'-87o'  or  112  feet, 
if  a  bore-hole  is  put  down  in  this  vicinity  in  the  river-bed 
This  head  is  about  the  maximum  that  can  be  obtained. 
The  dip   about   1  in  8J,  and  the  thickness  of  the  seam 

I2'-0." 

Regarding  the  expenditure  permissible  in  establishing 
sand-stowing,  the  requirements  of  sand  are  300  tons 
daily.  This  means  roughly  150  tons  for  filling  old  work- 
ings and  150  tons  for  replacing  pillars  taken  out.  As 
about  1  19  tons  of  sand  equals  in  volume  1  ton  of  coal, 
150  tons  of  sand  equals  126  tons  of  coal  daily,  or  3,780  tons 
per  month.  It  may  be  stated  here  that  3,850  tons  of  coal 
extracted  daily  when  pillar  cutting  appears  to  be  a  very 
modest  output  for  a  mine  as  conveniently  situated  as  the 
one  under  review. 

In  considering  the  capital  cost  we  may  assume  a  coal 
output  of  3,850  tons  per  month,  and  the  extra  cost  on  the 
coal  raised  during  the  stowing  period  ma}r  be  taken  as  -/8/- 
per  ton  (vide  Primary  Considerations  in  Stowing,  Vol.  XII  ; 
Hydraulic  Packing  at  Ballarpur,  Vol.  X ;  Packing  of 
Mohpani  Mines,  Vol.  XI ;  Transactions  of  the  Mining  and 
Geological  Institute).  This  means  that  Rs.  1,925  can  be 
taken  as  the  depreciation  and  handling  charges  of  the  stow- 
ing installation  per  month,  equivalent  to  Rs.  23,100  yearly 

Of  this  sum,  however,  a  certain  proportion  will  be 
expended  upon  the  human  element  and  perishable  stores 
and  plant.     It  will  be  seen  from  this  paper,  that  the  latter 
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charges  form  a  high  proportion  of  the  cost  and  will  possibly 
equal  two-thirds  of  the  charges.  Even  taking  the  propor- 
tion as  one  half  we  get  about  Rs.  12,000  per  year  as 
depreciation  on  capital  and  this  would  admit  of  a  capital 
expenditure  of  about  Rs.  1,20,000  over  ten  years. 

This  brings  us  to  the  question  of  the  class  of  stowing 
to  be  adopted.  We  may  consider  first  dry  stowing  and 
wet  stowing,  after  which  the  following  should  also  be  dealt 
with  : — 

(1)  A  sand-pumping  unit. 

(2)  Direct  feeding  from  the  river,  via  a  bore-hole  in 

the  bed. 

(3)  The  common  form  of  feeding  with  trucks  direct, 

in  the  case  of  dry  packing,  or  in  conjunction 
with  a  pipe  line  for  hydraulic  stowing.1 

There  will  possibly  be  some  doubt  as  to  whether  wet 
or  dry  stowing  is  more  suitable.  The  most  formidable 
objection  to  the  wet  system,  viz.  the  pipe  line,  is  readily 
removed,  as  the  Company  can  supply  their  own  lines  at  a 
comparatively  moderate  cost,  which  would  more  than 
compensate  for  the  simpler  but  slower  sj^stem  of  tram- 
ming with  its  multitude  of  trucks  and  accompanying 
hindrance  in  the  haulage  and  workings.  We  may,  there- 
fore, assume  that  some  form  of  hydraulic  stowing  will  be 
adopted  except  under  certain  conditions  to  be  referred 
to  later. 

Let  us  take  first  the  case  of  a  sand-pumping  unit.  Al- 
though one  sees  frequent  references  to  this  method  of  deal- 

1  The  writer  is  also  investigating  the  possibilities  of  the  use  of  compressed  air, 
which  is  of  growing  importance  in  mining  operations  ;  and  it  is  possible  that  fol- 
lowing its  use  in  fire-proofing  mines,  stopping  fissures,  etc.,  with  cement,  it 
may  also  be  utilised  in  sand-stowing,  upon  which  I  hope  to  give  a  further  paper 
at  an  early  date. 
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ing  with  the  problem,  there  are  unfortunately,  so  far 
as  the  writer  is  aware,  no  eases  of  its  adoption  in  this 
country.  The  main  objection  to  this  method  at  the  present 
time  would  be  the  difficulty  of  getting  suitable  plant  and, 
when  this  was  installed,  of  obtaining  a  regular  supply  of 
spares. 

It  may  also  be  doubted  whether  the  ratio  of  solid 
matter  to  the  total  discharge  of  such  pumps  is  often  fully 
comprehended.  In  the  sand  pumps  at  Port  Talbot  referred 
to  in  "Considerations  in  Hydraulic  Stowing,"  the  ratio  was 
12  to  15  per  cent.,  discharging  about  450'.  In  the  case  of 
suction  dredgers  it  may  be  possible  to  get  as  high  a  per- 
centage as  20  or  even  25  per  cent,  of  solid  matter,  but  it  must 
be  remembered  there  is  only  a  slight  head,  the  discharge 
being  made  at  a  point  only  about  25'  from  the  inlet. 

The  more  obvious  way  in  the  case  of  a  mine  situated 
close  to  the  river  is  a  bore-hole  in  the  river-bed. 

It  has  been  suggested  that  the  installation,  whatever 
type  may  be  adopted,  should  permit  the  extraction  of 
sand  throughout  the  year.  As,  however,  the  entire  sand 
area  is  flooded  for  several  weeks  during  the  rainy  season, 
it  is  obvious  that  during  this  period  sand  could  only  be 
extracted  by  something  in  the  nature  of  a  suction  dredger, 
or  by  approach  from  below. 

Regarding  the  latter  point,  a  suggestion  has  been 
made  that  the  bore-hole  should  be  driven  up  from  the 
workings  under  the  river  far  enough  into  the  sand,  to  give 
the  maximum  head  without  a  surplus  flow  of  water  at 
its  entrance  to  the  pipe,  which  would  be  perforated  to 
receive  the  charge.  While  the  method  suggested  of  boring 
up  into  the  sand  may  be  dismissed  as  an  unnecessary, 
tedious  and  awkward  operation,  to  bore  from  the  river-bed 
in  the  usual  way  introducing  a  pipe  with  inlet  perforations 
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in  the  required  position  and  to  plug  the  upper  portion 
of  the  pipe  so  as  to  close  it  to  the  floods  of  the  rainy- 
season,  will  be  easy  if  allowed  for  when  the  bore  is  first 
planned. 

If  such  a  course  be  adopted,  the  behaviour  of  the  feed 
inlet  will  still  be  problematical,  depending  upon  whether 
the  strainer  continually  chokes  with  sand,  or  allows  an 
excessive  proportion  of  water  to  drain  through.  It  has 
been  suggested  that  the  pipe,  if  choked,  should  be  cleared 
by  a  water  jet.  The  operation  of  this  jet  from  the  mine 
might  prove  tedious  and  unsatisfactory ;  possibly  it  would 
be  an  advantage  to  have  a  jet  operated  from  the  river- 
bed in  the  dry  season,  or  at  other  times  if  required.  The 
behaviour  of  the  mass  of  the  sand  round  the  perforated 
area  of  the  pipe  must,  however,  always  be  a  matter  of 
doubt,  unless  assisted  in  some  way  so  as  to  make  its 
action  definite. 

Neither  the  output  of  the  mine  nor  the  sand  require- 
ments, however,  justify  an  expensive  plant  for  operation 
during  the  rains,  as  the  facilities  for  storing  sand  during 
the  dry  season  are  considerable  and  convenient. 

Let  us  take  the  case  of  a  bore-hole  that  is  to  be  oper- 
ated all  the  year  round.  It  is  obvious  that  the  head  must 
be  situated  well  below  the  bed  of  the  river,  that  the  sand 
must  be  supplied  to  it  with  some  degree  of  certainty,  and 
that  the  clearing  of  the  pipe  and  adjustment  of  the  mix- 
ture must  be  under  control.  To  ensure  these  results  I  offer 
the  following  suggestions  : — 

That  in  some  convenient  spot  in  the  river-bed  a  bore- 
hole be  put  down  to  the  workings  and  lined  with  a  suitable 
pipe.  The  pipe  will  be  perforated  or  meshed  at  a  certain 
position  relative  to  the  density  of  the  sand  and  the  pro- 
portion of  moisture  permanently  in  it.     In  order  to  make 
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the  action  of  the  bore  as  definite  as  possible,  immediately 
at  the  lower  end  of  the  perforation  should  be  set  a  circu- 
lar clamp  conical  in  form.  This  can  be  introduced  by 
sinking  a  well  round  the  bore-pipe  which  can  be  subse- 
quently filled  up  to  prevent  an  undue  amount  of  water 
scouring  out  a  channel  and  entering  the  pipe.  The  pipe 
can  be  continued  practically  up  to  the  river-bed,  the  area 
at  the  top  of  the  perforations  being  plugged  solid  or  left 
with  a  perforated  plate,  dependent  upon  its  depth  below 
the  river-bed  and  the  amount  of  protective  sand  above  it. 
Through  the  centre  of  this  pipe  and  above  it  should  be  set 
a  jet  pipe,  so  that  water  can  be  pumped  through  in  the 
event  of  the  bore-hole  choking ;  and  the  jet  should  be  kept 
well  below  the  level  of  the  river-bed  as  a  measure  of  pro- 
tection during  periods  of  flood. 

It  will  be  obvious  that  experiments  of  much  interest 
may  be  made  with  regard  to  the  size  and  shape  of  the  per- 
foration and  the  actual  shape  of  the  crown  thus  formed, 
which  may  be  greater  than  the  pipe  itself ;  the  jets  may 
be  multiplied,  if  necessary. 

The  actual  behaviour  of  the  installation  is  subject  to 
much  doubt,  but  it  has  the  advantage,  if  unsatisfactory, 
of  being  readily  converted,  in  the  dry  season  at  any  rate, 
into  a  bore-hole  from  the  surface  of  the  river-bed,  which 
can  be  filled  in  the  ordinary  way  by  hand  loading.  We 
may  consider  here  this  latter  possibility.  It  has  been 
pointed  out  that  the  output  of  coal  scarcely  justifies  an 
elaborate  or  expensive  plant.  Therefore  it  is  obvious  that 
if  stowing  is  to  be  carried  out  on  the  usual  fines,  it  will  be 
necessary  to  put  in  a  bore  hole  to  feed  the  dip  workings 
during  the  dry  season  when  the  river-bed  is  accessible  ;  while 
during  the  Rains,  when  the  river-bed  cannot  be  worked, 
the  rise  working  may  be  fed  from  the  stored  sand  situated 
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conveniently  on  the  property;  indeed  there  is  an  ideal 
natural  site  for  storage  immediately  adjacent  to  the  No.  i 
incline  and  air-shaft.  Such  storage  facilities  would  also 
be  doubly  advantageous  in  cases  where  the  necessary  head 
due  to  the  bore-hole  in  the  river  would  not  be  sufficient  to 
feed  the  upper  workings  of  the  mine. 

This  brings  us  in  natural  sequence  to  the  relation  of 
the  capacity,  head  and  lead  of  the  pipes.  It  has  been 
assumed  that  300  tons  of  sand  daily  will  be  required.  In 
order  to  raise  the  equivalent  quantity  of  coal  it  may  be 
taken  that  all  three  haulages  will  be  employed  simultane- 
ously. For  the  present  No.  4  incline  is  ignored,  as  it  will 
be  seen  from  the  plan,  that  the  head  would  not  be  suffi- 
cient to  deliver  sand  to  its  vicinity  by  the  methods  now 
suggested.  This  means  that  100  tons  of  sand  must  be 
introduced  daily  in  the  vicinity  of  each  incline.  It  is  now- 
necessary  to  consider  seriously  what  may  be  designated 
the  automatic  system  of  feeding  already  referred  to,  namely 
a  bore-pipe  terminating  at  a  distance  below  the  surface  of 
the  river-bed.  Controlled,  as  such  a  feeding  apparatus 
would  be,  by  the  density  of  the  mixture  which  surrounds 
the  perforations  of  the  pipe,  the  variations  in  which  would 
depend  on  a  variety  of  factors,  all  hidden  from  view,  the 
ultimate  result  could  only  be  judged  when  the  mixture 
finally  arrived  at  its  journey's  end  ;  and  while  after  experi- 
ments some  idea  could  be  formed  as  to  what  might  be  ex- 
pected, it  is  not  possible  in  this  early  stage  to  assign  to  this 
density  any  constant  and  definite  figure.  It  would  per- 
haps be  better  to  assume  that  the  mixture  would  be  in  the 
same  proportion  as  if  fed  from  the  surface  and  that  its 
capabilities  would  be  similar,  allowing  for  the  reduction  of 
head  due  to  the  termination  of  the  pipe  below  the  surface 
of  the  river-bed  instead  of  on  it. 
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[Vide  the  writer's  paper  "  Primary  Considerations 
in  Hydraulic  Stowing").  It  might  be  an  advantage  in  this 
paper,  when  considering  the  capacity  of  the  pipe^  to  assume 
that  the  ratio  of  sand  to  water  will  vary  approximately  in 
a  certain  proportion  to  the  head  and  length  of  the  pipe. 

Thus  the  level  of  the  river-bed  is  982  feet  and  of  the 
top  of  the  dip  workings  870  feet.  This  gives  a  head  of 
112  feet.  If  the  pipe  is  to  terminate  at  a  distance  below 
the  river-bed  this  distance  must  be  such  that  the  modest 
scour  set  up  by  the  sand  entering  it  does  not  cause  undue 
alteration  of  the  surface  of  the  bed,  otherwise  a  channel 
or  pool  may  be  formed  which  would  ultimately  lead  to  the 
exposure  of  the  pipe-head  and  cause  a  constant  influx  of 
water  from  the  river  when  the  latter  was  in  flood. 

We  may  assume  that  the  pipe  will  terminate  at  a  dis- 
tance of  about  20  feet  below  the  surface;  this  reduces 
the  effective  head  to  about  92  feet.  If  we  assume  that 
the  first  bore-hole  will  be  situated  50  feet  from  the 
bank,  we  get  about  120  feet  to  the  line  of  Xo.  1  incline. 
To  get  some  idea  of  the  expected  results  of  the  sand 
feed  of  each  pipe,  we  may  assume  the  proportion  of  sand  to 
water  to  be  1  to  3.  Taking  a  4"  pipe,  and  a  velocity  of 
8  feet  per  second, 

Discharge  =  7854  X332  xS. 
This  equals  -684  cubic  feet  per  second,  of  which  the  propor- 
tion of  sand  amounts  to  -171  cubic  feet,  and  of  water  to  -513 
cubic  feet.  The  weight  of  sand  per  second  would 
be  -171  x  106  lbs  =  i8-i  lbs  per  sec,  or  about  30  tons  per 
hour. 

Assuming  a  10-hour  day,  this  4"  pipe  would  feed  all 
three  inclines  provided  the  head  is  sufficient.  It  will  be 
advantageous  at  this  point  to  form  an  estimate  of  the 
amount  of  water  that  would  be  introduced  under  these 
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conditions  into  the  mine.  The  amount  of  water  per  second 
in  cubic  feet  would  be  -513  or  32-8  lbs  or  1,968  lbs  per  min. 
The  H.P.  required  to  pump  this  water  from  the  mine  will  be 

1968  x 150  (head) 


33000 


=  9  H.P. 


This  figure  ignores  friction,  but  gives  an  idea  of  the  H.P. 
necessary  to  return  the  water.  The  number  of  gallons  of 
water,  due  to  the  stowing,  to  be  removed  would  be  190 
gallons  per  minute  or  11,400  gallons  per  hour. 

We  must  now  estimate  as  far  as  possible  the  length  of 
the  delivery  pipe.  We  may  here  assume,  for  a  mixture  of 
sand  and  water  carrying  the  maximum  quantity  of  sand, 
with  a  velocity  of  8  cubic  feet  per  second,  that  the  fric- 
tional  coefficient  is  double  that  for  water  only.  There- 
fore we  get — 

92  _  .07  (8)>   (?".^x^) 

92  =  4-48  (-672  x   047  x  L  +  33) 

20-17  =  -0313741.  +  33.  Therefore  L  =  635-7  feet- 
This  result  does  not  take  into  consideration  the  retarding 
effect  of  the  bends  In  the  case  of  water  alone  it  was 
pointed  out  that  where  L,  is  greater  than  1000D,  these 
bends  did  not  appreciably  affect  the  calculation,  but  with 
sand  present  the  retarding  effect  may  be  considerable. 
With  12  bends  at  900,  theoretically  the  retarding  effect 
with  a  coefficient  double  that  for  water  only  may  be  taken 
at:— 

L=±=    I7;  KC  =    131  at  -i 

=  -138  at  -2. 
say  -136  at  -17. 
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From  this  C  =  (-5  x  2)  +  12  x  ('136  x  2)  x    9 — 

180 

C  =i-o  +  12  X272  x  -5, 
therefore  C  =  2  '63. 
From  this, 

64(1  +  -047  x  _  +  2-63) 

02    ==    -= ^ 

6432 

59i7'44  =  64  (3-63  +  -I42L). 

88-63  =  -I42L,  therefore  L  =  625-5  feet-     This  shows  a 
loss  of  io-2  feet  due  to  bends. 

It  must,  however,  be  borne  in  mind  that  this  figure  for  the 
loss  applies  only  when  the  flow  is  constant.  In  practice 
there  will  be  times  when  the  sand  travels  in  irregular 
masses  due  to  uneven  feeding,  for  which  due  allowance 
should  be  made.  We  may  still  further  check  this  from  the 
following : — 

e  _  The  friction  head  in  feet  of  water 
Length  of  pipe 

For  25  per  cent,  of  sand,  velocity  8  feet  per  second,  pipe 
4"  dia.  we  get — 

S  =  -154  (Parker). 
Thus— 

02 

-I54  =  -y-  ;  or   154L  =  92,  and  L  =  596  feet. 

From  this  it  will  be  seen  that  the  bore-hole  will  serve  No.  1 
incline  section,  but  not  conveniently  Nos.  2  and  3. 

The  advantages  however  of  direct  flushing  in  the 
manner  indicated  are  so  apparent  for  No.  1  incline,  that  if 
adopted  there  it  would  be  simpler  to  continue  the  system 
if  possible  to  Nos.  2  and  3,  than  to  adopt  a  separate  scheme 
for  these. 

One  system  that  might  be  adopted  would  be  to  feed 
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No.  i  incline  direct  and  at  about  the  margin  of  the  supply 
capacity,  lead  the  sand  into  tubs  fitted  with  strainers,  so 
that  while  filling  the  water  would  run  away,  and  then  tram 
the  sand  direct  to  its  face.  While  this  would  be  a  simple 
matter  it  would  be  an  advantage  if  possible  to  continue 
the  hydraulic  system  throughout. 

It  will  be  seen  however  from  the  foregoing  that  at  a 
distance  of  about  600  ft.  from  the  foot  of  the  bore-hole 
the  water  would  complete  its  work  at  8  feet  per  second, 
and  would  require  either  an  acceleration  of  velocity  as 
from  this  point  it  would  decrease,  which  decrease,  if  the  pipe 
were  continued,  would  hinder  the  whole  working ;  other- 
wise additional  head  or  pressure  must  be  applied. 

To  effect  this  acceleration  means  that  if  the  original 
feed-pipe  is  to  be  used,  an  additional  quantity  of  water 
must  be  added,  which  would  lower  the  proportion  of  sand, 
already  low  enough,  and  would  also  result  in  an  increased 
quantity  of  flushing  water  requiring  removal.  On  the  other 
hand  it  must  be  remembered  that  there  is  a  lower 
limit  to  the  minimum  velocity  of  flow  of  mixtures  of 
sand  and  water,  the  writer' s  experiments  proving  that  at  a 
velocity  of  5  feet  per  second  silting  was  considerable. 

It  would  therefore  appear  that  if  the  sand  is  to  be 
carried  further  than  600,  say  to  an  additional  600  feet,  an 
increased  head  must  be  provided ;  this  could  be  done  by 
subjecting  the  sand  to  a  pressure  equivalent  to  the  92-foot 
head  for  sand  and  water.  It  will  be  apparent  that  this  could 
be  effected  in  the  ordinary  way  introducing  the  additional 
incoming  water  under  a  considerable  pressure,  but  unless 
some  other  device  were  adopted  this  water  under  pressure 
would  have  to  accelerate  the  motion  of  an  already  sluggish 
stream  that  has  nearly  reached  its  limit  of  velocity  with 
the  maximum  permissible  percentage  of  silt. 
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Further  it  would,  in  these  circumstances,  be  neces- 
sary to  instal  an  apparatus  with  suitable  valves  in  order  to 
maintain  the  required  direction  of  flow.  Therefore  it  would 
appear  that  some  other  arrangement  must  be  utilised  and 
for  this  a  sand  ejector  may  be  suggested.  Unfortunately 
the  knowledge  of  the  behaviour  of  sand  ejectors  with  a  long 
length  of  pipe  is  still  imperfect  and  in  the  main  hypothetical, 
and  the  intricate  mathematical  calculations  connected  there- 
with are  beyond  the  province  of  this  report.  A  sketch  of  a 
sand  ejector  is  appended  :  this  shows  clearly  the  system  sug- 
gested and  the  relationship  of  certain  parts,  which  is  of  the 
utmost  importance.  The  slopes  of  the  hopper  should  be 
about  i '8  to  i. 

As  it  is  necessary  to  introduce  the  sand  in  a  quasi-fluid 
mass  the  usual  type  of  hopper  is  fitted  with  an  auxiliary 
water-supply,  but  in  the  case  under  review  a  portion  of  the 
water  could  be  drained  off  from  the  hopper  and  utilised  in 
the  pressure  pump ;  whilst  the  balance  could  be  used  to 
carry  the  sand  down  to  the  ejector.  The  relation  between 
the  area  of  the  jet  orifice  and  the  area  of  the  throat  of 
the  ejector  cone  is  of  moment : — 

Area  of  jet  orifice  __a   y 

Area  of  throat  of  ejector  cone       a1 

The  larger  the  throat  (that  is  the  smaller  J),  the  more  sand 
can  be  shifted,  but  the  pressure  at  the  entrance  to  the 
sand  pipe  measured  in  pounds  per  square  inch  decreases 

steadily  and  is  proportional  to  —  where  a'1  =  the  area  of 

a1 

cross  section  of  ejector  cone  (Parker)  ;  we  may  take  the 
latter  at  the  minimum  sectional  area  of  the  cone. 

It  will  have  been  seen  above  that  the  use  of  a  sand 
ejector  in  the  river-bed  is  suggested  :  it  might  be  advisable 
to  bear  in  mind  that  the  head  at  this  point  may  be  supple- 
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merited  by  delivering  water  via  the  clearing  jet  at  such  a 
pressure  as  to  increase  the  horizontal  range  of  the  pipe  line 
and  even  to  obviate  the  use  of  devices  in  the  mine  designed 
for  the  same  purpose.  We  may  assume  that  the  sand 
ejector  underground  will  be  situated  at  a  point  where  the 
length  of  the  piping  to  the  discharge,  plus  the  length  of  the 
supplementary  lines  to  positions  in  the  vicinity  of  No.  I  in- 
cline, aggregate  roughly  600  feet ;  for  this  about  one- third 
of  the  water  and  sand  is  utilized.  This  means  that  two- 
thirds  of  '684  cubic  feet  of  mixed  sand  and  water  must  be 
dealt  with  per  second,  of  which  the  sand  amounts  to  two- 
thirds  of   171  and  water  to  two-thirds  of   513  cubic  feet. 

Taking  V  as  the  average  velocity  of  mixed  sand  and 
water  to  pipes — 

«V  +  cU 

area  of  pipe  section  ' 

a  =  area  of  jet  orifice. 

V  =  a  velocity  such  that  aV  gives  in  cusecs  the  total 
quantity  of  pressure  water  supplied  to  the  jet. 
c  =  area  of  orifice  through  which  the  sand  is  shifted. 
TJ  =  velocity  such  that  cU  is  the  total  quantity  in 
cusecs  of  the  substance  lifted  by  the  ejector . 
In  the  previous  case  where  the  4"  pipe  was  running  full, 

aV  -(-  cU 


V 


area  of  pipe  section. 


V  =  '5I3  +  "L7X  =  8-5  feet  per  second. 
•0804 

The  above  also  tallies  with  the  capacity  of  the  pipe,  with 

the  head,  length,  and  velocity  as  previously  ascertained. 

For  the  sand  ejector  we  get  (taking  V  at  8  ft.  per  sec.)— 

R  _    342  4-  -114  =  ^456 
X  X 
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Therefore  X  ='057  sq.  ft.  =  3-25  inches  dia. 
On  considering  the  size  of  the  pump  for  the  ejector  it  appears 
that  the  pressure  exerted  must  be  sufficient  to  hft  water 
through  the  equivalent  head,  keeping  in  mind  the  resistance 
due  to  the  sand. 

If  we  assume  the  lead  from  the  point  of  the  ejector  to 
the  goaf  position  to  equal  2,000  feet,  we  can  gain  some 
idea  of  the  equivalent  head  by : — 

D         2G 

Taking  C  x  2  for  a  mixture  of  sand  and  water, 

„                      2008  8'2 

H  =  -047  x  x 


.27  2x32-16 
=  -047  x  74444  x  -99  =  346-38  feet. 
We  may  now  consider  the  capacity  a  pump  should  possess 
to  enable  it  to  deal  with  the  equivalent  to  this  head.  Al- 
though the  following  calculation  cannot  be  considered 
accurate  it  will  give  some  idea  of  the  power  required. 
Taking  water  at  190  gallons  per  minute,  and  a  pump  with 
a  12-inch  barrel  and  a  4  ft.  6  in.  stroke,  we  get — 

G  =  D2  x  -034  x  L  x  X  (No.  of  strokes). 

In  taking  G  at  190  the  amount  required  to  deal  with  the 
remainder  of  the  sand  equals — 

-   x  -2-  =  i26-6  4-  10  per  cent,  for  slip,  or  say,  138. 

In  addition  we  must  allow  for  the  proportion  of  sand, 
which  we  may  assume  brings  the  total  equivalent  number 
of  gallons  of  water  per  minute  to  introduce  into  our  for- 
mula to  200. 

Therefore,  200  =  12*  x  -034  x  45   x  X  =  22-03X, 
and  X   =  9  strokes  per  minute. 
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From  this — 

H  x  33000  =  200  x  10  x  400  (approx.  head). 

'  33H  =  800 

H  =  236  H.P. 

All  this,  however,  is  very  vague  and  the  best  proportion 
of  sand  and  water  for  a  jet  pump  and  its  results  may  be  deter- 
mined ultimately  by  trial  and  error,  although,  time  permit- 
ting, it  is  the  writer's  intention  to  work  out  theoretically 
the  results  that  may  be  expected. 

So  far  No.  4  incline  has  not  been  referred  to  as  it  would 
be  impossible  adequately  to  feed  this  area  with  sand  from 
the  river  boring,  since  the  head  at  the  river  equals  962' 
(982' — 20'),  and  at  the  lowest  point  in  the  workings  about 
920',  thus  giving  only  42  feet  head  for  a  lead  of  something 
like  3,000  feet.  Thus  we  may  assume  that  this  area  will 
need  filling  from  the  surface,  in  which  case  the  head  at 
the  deepest  point  will  be  117  feet  (1,037' — 920'). 

This  becomes  an  ordinary  proposition  of  bringing  sand 
from  the  river  by  truck  or  other  means  and  flushing  it  down 
bore-holes  conveniently  situated. 

Apart  from  the  system  of  bore-holes  in  the  river  the 
methods  of  getting  sand  may  be  simply  taken  as  :— 

(a)  By  aerial  ropeway. 

(b)  By  tramming.  (c)  By  conveyors. 

The  main  utility  of  an  aerial  ropeway  would  be  the 
spanning  of  watery  areas  admitting  of  extraction  for  a 
maximum  period.  The  objection  would  be  the  spanning 
of  a  river,  practically  half  a  mile  wide,  necessitating  the 
erection  of  lofty  towers  on  each  bank,  the  erection  of  inter- 
vening towers  in  the  river-bed  being  economically  impos- 
sible owing  to  the  depth  to  rock  suitable  for  foundations. 

The  only  advantage  of  such  a  scheme  would  be  counter- 
acted by  the   expense,  and  in  any  case  the  output  of  the 
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mine  does  not  justify  such  expenditure,  even  if  material 
could  be  obtained.  Tramming  is  simple,  and  an  estimate 
is  provided  for  it. 

Regarding  the  conveyors,  the  system  is  clearly  des- 
cribed in  the  writer's  preliminary  considerations  in  stowing, 
but  the  somewhat  scants-  sand  requirements  render  it  in- 
advisable to  adopt  it.  Therefore  we  may  summarise  as 
follows  the  systems  worth  consideration  : — 

(i)  A  bore-hole  below  the  river-bed  fitted  with  a  re- 
volving spray  of  supplementary  water  to  feed 
the  vicinity  of  No.  i  incline,  with  an  extension 
in  the  shape  of  a  series  of  jet-pumping  installa- 
tions to  feed  Xo.  z  and  possibly  Xo.  3  inclines. 
This  installation  would  work  during  the  rainy 
season.  Xo.  4  incline  would  be  fed  by  a  bore- 
hole, the  supplies  of  which  would  be  obtained 
by  tramming  during  the  dry  season. 

(2)  A  modification  of  the  above  in  the  shape  of  a  bore- 

hole emerging  from  the  river-bed  which  would 
only  be  operated  during  the  dry  season.  Ad- 
ditional bore-holes  would  be  provided  over  the 
mine  to  be  fed  during  the  rains  from  a  storage 
hopper  conveniently  situated. 

(3)  A  system  of  tramming   from  the   river-bed  to  a 

series  of  bore-holes  over  the  mine  and  a  storage 
area  to  enable  the  work  to  be  carried  on  during 
the  rainy  season. 

(4)  The  bringing  of  sand  by  a  tramway  to  the  mouth  of 

the  incline  and  thence  flushing  through  a  flume 
or  pipe  down  to  the  workings.     It  is  however 
doubtful  whether  the  amount  of  water  required 
to  do  this  would  render  the  project  feasible. 
For  the  present  only  Xo.  1  and  3  need  be  considered. 
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Case  No.  i  may  be  taken  as  follows  : — 

Rs. 

(a)  Pump  for  auxiliary  feed  at  river  bank,  capacity 

about  12,000  gallons  an  hour  maximum,  if  no 
feed  water  percolates  from  the  river-bed  into 
the  bin    . .  . .  . .  . .         2,000 

(b)  Down  pipe  from  above,  say  3"  dia.  about  50  feet, 

|"  thick,  12  5  lb.  per   foot,  say   6  cwts.   at 

Rs.  10  cwt.  . .  . .  . .  60 

(c )  Stuffing  box  . .  . .  . .  100 

(d)  Hand  wheel  for  revolving  jet  pipe  with  brackets 

and  girder  support    . .  . .  . .  300 

(e)  Brick  well  to  keep  out  river  . .  . .  500 
(/)  Jet  pipe  say  3"  dia.,  100'  long,  12-5  lb.  per  foot, 


f"  thick  with  nozzle                      . .                  . .  150 

(g)  Bearing  pipe  6"  dia.,  J"  thick,  100'  long,  15-5  lb. 
per  foot,  with  wrought -iron  bearings,  say  14 

cwts.        . .                  . .                  . .                  . .  225 

(h)  Jet  hopper  3'-o"  dia.  at  crown         . .                 . .  250 

(i)  Down  pipe  4"  dia.,  i"   thick,  say   100',   22*2  lb. 

per  foot,  say  20  cwts   with  bend                    . .  200 
(/)  Main  feed  to  No.  1  incline  with  branches  600'  4" 

pipe,  |"  thick              . .                  . .                  . .  1,200 

(k)  Say  4  bins  with  jet  for  jet  pumps  at  Rs.  200  each  800 
(/)  2,000  ft.  piping  3"  dia.,  -§"  thick,  for  pipe  line 

to  No.  2  and  3  inclines  i2'5  lb.  per  ft.          . .  2,230 

(m)  Pumping  outfit  for  jets                     . .                  . .  5>000 

(n)  Pumps  for  return  water                     . .                  . .  3, 000 

(0)  Pipes  for  return  water,  3",  500'        . .                  . .  550 

(p)  Barrages  for  holding  deposited  sand  in  stowed 

area  (props,  battens  and  canvas)                    . .  2,000 
(q)  Sundries  comprising  foundation  work,  pipe  sup- 
ports, valves,  etc.      . .                 . .                 . .  5.°°° 

Total  cost  for  inclines  No.  1,  2  and  3     Rs.  23,565 
Depreciation  @  10  per  cent.  Rs.  2,356  per  annum. 

In  this  case  for  the  No.  4  incline,  we  may  assume  that 
100  tons  of  sand  are  required  daily.     Assuming  that  a  rake 

f 
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of  wagons  would  take  an  hour  to  do  the  journey  from  the 
river  to  the  bore-hole  bin  over  this  area,  we  require  roughly, 
for  an  eight-hour  day,  about  24  trucks  of  5  tons  capacity 
each. 

The  estimate  may  now  be  supplemented  as  follows : — 

Rs. 
By  cost  of  pipe  installation  for  No.  1.  2,  and  3  . .       23,565 

(1)  By  tipping  trucks  27  c.  ft.  capacity  @  Rs.  420 

each         . .  . .  . .  . .       10,080 

(2)  Say  half  a  mile  of  track  to  river-bed  and  bore- 

holes @  Rs.  16,000  p.m.  . .  . .  8,000 

(3)  One  winch  at  bank         . .  . .  . .  3,000 

(4)  Rope  at  bank                  . .  . .  . .  500 

(5)  Say  2  bins  over  No.  4  area  . .  . .  400 

Pipe  line   (head  and   underground  lead,  say 

1,000  feet),  say  4"  bore  and  |"  thick             . .  1.400 

(6)  Barrage  for  holding  sand                   . .                  . .  1,000 

(7)  Sundries  comprising  pipe  supports,  valves,  etc.  2,500 

(8)  Pipes  for  return  water   . .                  . .                  . .  550 

(9)  Pump  for  return  water  . .                  . .                  . .  2,500 


53,495 
Depreciation  (a   10  per  cent.  Rs.  5,34*) 

This  means  about  2  annas  per  ton,  and  to  this  should 
be  added  the  cost  of  superintendence,  labour,  and  a  certain 
amount  of  excavation,  which  would  be  about  -/6/-  per  ton. 

Further  it  is  interesting  to  note  that  the  direct  hydrau- 
lic system  is  much  cheaper,  and  the  labour  charges  are  also 
insignificant  compared  to  the  haulage  system.  In  the 
latter  case  also  a  certain  amount  would  need  to  be  allowed 
for  the  sand  storage  for  utilisation  in  the  rainy  season. 

Taking  case  No.  3. — Haulage  from  the  river  to  the 
series  of  bore-holes.  The  present  surface  track  would  be 
extended  to  the  river-bed  and  a  branch  put  round  a  sand 
storage  area. 


126    TRANS.   MINING   &   GEOL.    INST.   OF   INDIA.    [Vol.  XIV, 


300  tons  of  sand  would  mean  six  hundred  tip  truck- 
loads  at  27  c.  ft.  in  eight  hours,  say  75  per  hour,  and 
taking  an  average  of  one  hour  per  truck  for  the  round  trip, 
75  trucks  would  be  required. 

For  No.  1  incline  the  time  would  be  shorter,  for  No.  4 
possibly  longer.  The  time  allowance  would  allow  also  for 
rilling  the  sand  storage  area. 

The    additional    track    required    may  be    roughly  taken   as 
follows : — 


Bank  to  river  and  over  bed  for  collecting  sand 
Branch  to  No.  1  incline        . .  _    . . 

Branch  to  No.  2  incline 
Branch  to  No.  3  incline 
Branch  to  No.  4  incline 


Say  with  sidings,  etc.,  one  mile  from  this  : — 

(a)  One  mile  18  lb.  track     . . 

(b)  Wood  sleepers,  ballasting,  etc. 

(f)  75  trucks  27  c.  ft.  @  Rs.  420 

(d)  8  bins  at  surface 

(e)  A  pumping  unit  at  surface  for  flushing  with  pipe 
(/)  Approx.  800'  at  down  pipe,  say  3"  dia.  and  3,000 

underground,  with  bends  say  4,000'  in  all    . . 

(g)  Pumps  for  returning  waste  water  to  surface 
(h)  Barrage,  canvas,  props,  struts,  etc. 

(i)  Haulage  winch  at  bank,  with  rope  . . 
(/)  Sundry  fittings,  valves,  etc. 

Total  Rs.    . . 


700 
800' 

1,000' 

1,000' 
600' 


Total  length  . .        4,100' 


16,000 
4,000 

31.500 
4,000 
6,000 

6,000 
3,000 
3,5oo 
6,000 
5,000 

85,000 


Depreciation  @  10  per  cent.  Rs.  8,500. 
This  means  about  2-8  annas  per  ton.     To  this  however 
would  need  to  be  added  the  labour  charges  which  would  be 
considerably  higher  than  in  case  No.  1,  possibly  70  or  more 
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men  being  required  to  load  the  trucks  and  to  extend  and 
divert  the  track. 

Taking  handling  charges,  wages  of  overseers  and  men 
in  charge  of  the  machinery,  the  above  cost  will  probably  be 
increased  by  two  annas  per  ton. 

As  a  rough  forecast,  allowing  for  coal  consumption 
for  pumps,  etc.,  one  might  give  : — 

Case  No.  I. 

Cost  per  ton  hydraulic  system  only  Xos. 

I,  2,  and  3  inclines  .  .  . .     Rs.  -/3/6  ton. 

Case  No.  2. 

If  cost  of  stowing  Xo.  4  incline  included     Rs.  -/6/-    ,, 

Case  No.  3. 

Haulage  system  throughout  with  bore 
pipes  from  surface  and  flushing  to 
workings       .  .  . .  Rs.  -/8/-    „ 

This  report  is  of  course  based  on  the  opportunity  of 
utilising  machinery,  etc.,  obtainable  at  the  present  time. 

Should  the  system  shown  by  Figs.  6,  7  and  9  prove 
successful,  in  order  to  make  this  continuous  to  Xos.  2,  3, 
and  4  inclines,  in  the  event  of  the  ejector  not  proving 
satisfactory,  the  lead  from  the  extremity  of  the  under- 
ground pipe  into  perforated  tubs  might  well  be  considered, 
as  the  use  of  these  would  do  away  with  the  necessity  for 
a  separate  system  for  the  more  remote  inclines.  Fig.  8 
shows  a  simple  system  of  setting  bore-pipes  in  the  sandy 
strata  of  the  river-bed. 

DISCUSSIOX. 

Mr.  G.  C.  Lathbury : — I  should  like  to  thank  Mr.  Hendry 
for  his  paper  on  a  subject  which  is  of  great  interest  to 
everyone.     Up  to  the  present  very  little  experience  has 
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been  obtained  about  sand  packing  in  this  country.  It 
will  be  interesting  to  see  how  Mr.  Hendry's  proposals  work 
out  in  practice.  One  of  the  most  difficult  problems  (in 
fact,  I  think  it  is  the  most  difficult)  in  connection  with 
sand  packing  is  the  obtaining  of  sufficient  material  all  the 
year  round  for  carrying  on  the  work.  The  amount  of 
material  required  for  stowing  is  very  large  where  a  big 
output  is  anticipated.  Even  where  collieries  are  situated 
close  to  a  river  with  plenty  of  sand  in  it  the  problem  is 
not  by  any  means  easy.  To  pack  on  a  large  scale  means 
so  much  sand  that  cooly  labour  is  out  of  the  question. 
Moreover  there  are  periods  when  the  river  is  full  of  water. 
I  fear  that  Mr.  Hendry's  arrangements,  which  he  proposes 
to  place  on  the  river-bed,  will  not  stand  a  very  heavy 
flood  and  moreover  they  appear  to  be,  from  the  description, 
exceedingly  difficult  to  inspect  and  regulate. 

One  possible  method  of  obtaining  sand  in  large 
quantities  from  a  river  all  the  year  round,  which  has 
occurred  to  me,  is  to  sink  a  large  shaft  on  the  bank  of  the 
river  (the  top  of  the  shaft  being  out  of  flood  level).  This 
shaft  would  be  sunk  sufficiently  deep  to  enable  a  steep  rise 
connection  to  be  made  into  the  river-bed  at  the  bottom  of 
the  bed  of  sand.  To  ensure  a  good  connection  being  made 
it  might  have  to  be  driven  by  means  of  a  shield  with 
compressed  air  in  the  way  that  tunnels  are  sometimes 
driven.  The  last  portion  would  possibly  have  to  be  blown 
through  having  previously  tested  the  thickness  by  boring. 

If  a  really  good  connection  could  be  made  from  the 
bottom  of  the  shaft  to  the  bottom  of  the  river-bed  then  I 
think  a  continuous  flow  of  sand  would  run  to  the  shaft. 
The  connecting  gallery  would  have  to  be  steep  and  possibly 
lined  with  cement  to  assist  the  flow  of  sand  by  lessening 
friction.     In  the  river-bed  a  cone  would  form  and,  as  all 
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sand  low  down  in  the  bed  of  a  river  is  in  a  saturated  con- 
dition and  is  practically  quicksand,  there  will  I  think  always 
be  a  continuous  flow  towards  the  mouth  of  the  gallery. 
Provided  sand  runs  to  the  bottom  of  the  shaft  the  raising 
of  it  is  easy  all  the  year  round — whatever  the  level  of  the 
water.  A  number  of  grabs  working  on  guides  could  be 
used  (the  shaft  would  be  a  large  one  to  deal  with  large 
quantities)  or  elevators  could  be  fixed — or  possibly  pumps. 
The  advantage  would  be  that  nothing  would  be  in  the  river- 
bed itself,  and  so  any  sudden  flood  need  not  be  feared. 
Moreover,  the  sand  in  the  river  will  always  run  towards  this 
opening  by  the  action  of  the  water  which  would  always  be 
flowing  towards  the  shaft  due  to  pumping  from  the  latter 
— the  pumping  being  done  in  order  to  produce  this  effect. 

Mr.  C.  A .  John  Hendry  : — The  present  paper  dealt  with 
a  mine  requiring  only  a  comparatively  small  quantity  of 
sand,  and  therefore,  the  arrangements  had  to  be  as  cheap 
as  possible. 

Provided  the  apparatus  was  situated  well  in  the  bed 
of  the  river,  I  do  not  think  it  would  be  unduly  affected  by 
the  scour.  I  think  that  useful  enquiries  could  be  made  and 
tests  carried  out  to  register  the  scour  of  rivers,  adjacent  to 
the  mining  districts  and  from  which  sand  might  possibly 
be  obtained,  so  that  one  could  gauge,  with  some  accuracy, 
what  is  the  alteration  in  a  single  season. 

Regarding  Mr.  Lathbury's  suggestion,  it  seems  a  very 
feasible  and  attractive  one  in  cases  where  large  quantities 
of  sand  are  required,  but  would,  I  imagine,  be  too  ex- 
pensive where  only  a  minor  expenditure  is  permissible. 

Mr.  F.  L.  G.  Simpson  asked  the  author  whether  the 
question  of  the  utilisation  of  any  other  packing  material 
than  sand  had  ever  been  considered  by  him. 
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Mr.  C.  A .  John  Hendry  replied  that  sand  only  had 
been  considered  in  his  paper.  The  packing  of  the  work- 
ings depended,  of  course,  entirely  on  the  material  available, 
and  possibly  any  gentleman  present  who  had  had  ex- 
perience of  packing  other  than  sand  would  say  something 
about  it  to  the  members  present. 


Excursion  to  Jharia  Water  Works. 

The  Fourth  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  on  Monday, 
the  1st  December,  1919,  when  the  members  visited  the 
Jharia  Water  Works  at  Rajdaha,  about  six  miles  from  the 
Gomo  Station  on  the  E.I.R.  Grand  Chord  Line.  There 
were  about  35  members  present. 

Members  travelled  over  in  motor-cars,  and  met  at  the 
Tilatand  Service  Reservoir,  about  i|  miles  north  of  Teetul- 
moorie  Station,  at  10  a.m.,  and  from  there  they  proceeded 
to  inspect  the  Jharia  Water  Main  Works,  which  were  in 
course  of  erection. 

The  following  is  a  short  description  of  the  scheme  by 
Mr.  J.  R.  Taylor,  Resident  Engineer  to  the  Jharia  Water 
Board,  which  was  handed  to  members  present: — 

Brief  History. 

The  scheme  now  under  construction  for  supplying 
the  population  of  the  Jharia  Coal-field  with  a  pure  supply 
of  water  for  domestic  purposes  is  the  outcome  of  a  repre- 
sentation by  the  mining  community  to  Sir  Edward  Baker 
when  he  visited  the  coal-field  in  1909,  of  the  vital  impor- 
tance of  such  a  supply  being  provided  in  order  to  guard 
against  serious  epidemics  of  cholera  prevalent  in  the  dis- 
trict, of  which  one  of  exceptional  severity  occurred  in  the 
spring  of  1908. 

A  suggestion  for  a  combined  scheme  of  sanitation  and 
water-supply  came  from  the  Sanitary  Commissioner  of 
Bengal  in  July  1908,  and  in  December  1909  the  Govern- 
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ment  of  Bengal  appointed  a  Committee  to  consider  the 
question  of  water-supply. 

A  rough  project  for  supplying  3,000,000  gallons  per 
day  by  pumping  from  the  Damodar  River  had  previously 
been  prepared,  and  was  investigated  by  the  Committee. 
This  scheme  was  found  to  be  based  on  very  scanty  data, 
and  it  was  decided  to  have  a  careful  survey  of  local  condi- 
tions made  and  possible  sources  of  supply  thoroughly 
investigated.  This  work  was  carried  out  by  Mr.  G.  B. 
Williams,  the  Sanitary  Engineer  of  Bengal,  and  he  subse- 
quently submitted  in  191 1  a  "Sketch  Project"  Report  for 
two  alternative  schemes,  one  for  a  gravitation  supply  (now 
under  construction)  and  the  other  for  a  pumping  supply 
from  the  Damodar  River.  There  was  little  to  choose  be- 
tween the  two  schemes  as  regards  cost.  The  latter  was 
estimated  to  cost  somewhat  less  than  the  former  as  re- 
gards construction,  but  more  as  regards  maintenance. 

Much  controversy  took  place  on  various  matters  in 
connection  with  the  scheme,  the  questions  of  cost,  and 
how  it  was  to  be  met,  and  the  respective  merits  of  a 
gravitation  and  pumping  scheme.  The  possibility  and 
advisability  of  using  water  pumped  from  the  mines  was 
raised  then,  as  it  has  been  raised  again  since,  and  was 
very  properly,  after  sound  advice  had  been  obtained, 
dropped. 

Whether  collieries  already  provided  with  filtration 
plant  should  contribute  towards  the  scheme,  whether  a 
supply  for  boilers  and  trade  purposes  should  be  included 
or  not,  and  various  other  matters,  were  fully  discussed 
from  all  conceivable  points  of  view. 

It  was  ultimately  decided  to  adopt  the  gravitation 
scheme  as  providing  the  most  satisfactory  and  reliable 
supply,  and  as  being  the  least  costly  to  maintain,  and  Mr. 
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Williams  was  asked  to  prepare  detailed  plans  and  esti- 
mates. These  were  incorporated  in  his  report  of  1913  to 
the  Government  of  Bihar  and  Orissa. 

There  is  no  doubt  that  the  consensus  of  opinion  was 
in  favour  of  the  gravitation  scheme,  and  it  is  a  well- 
known  fact  that  when  water  from  an  upland  area  can  be 
stored  and  supplied  at  a  reasonable  cost  such  a  supply  is 
greatly  to  be  preferred  to  any  other. 

In  1 9 13  a  Bill  was  drafted  for  carrying  out,  financing, 
and  maintaining  a  Water  Supply  Scheme,  and  in  June 
1914  the  "Jharia, Water  Supply  Act"  was  passed,  and 
under  that  act  the  present  scheme  is  being  prosecuted. 

General    Description    of    Scheme    and    Source  of 
Supply. 

The  scheme  is  designed  to  supply  2,400,000  gallons 
of  water  per  day  to  the  coal-fields.  In  order  to  obtain 
this  regular  supply,  making  due  allowance  for  evaporation 
and  other  losses,  it  is  necessary  to  impound  the  rainfall 
falling  on  some  3,500  acres  of  catchment  area  in  a  storage 
reservoir  to  be  formed  by  damming  up  a  valley  between 
certain  of  the  foot  hills  of  Parashnath.  In  the  Rajdaha 
Valley  about  ij  miles  to  the  north-west  of  Topchanchi 
village  (at  mile  190  on  the  Grand  Trunk  Road)  an  ad- 
mirable natural  site  for  a  masonry  dam  was  found.  At 
this  site  a  dam  about  1,000  feet  long  and  of  a  maximum 
height  of  68  feet  above  the  bed  of  the  stream  is  capable 
of  forming  a  storage  reservoir  in  the  valley  to  hold  some 
1,000,000,000  gallons  of  water  available  for  use.  I  sa}r 
available  for  use  as  it  is  not  intended  to  draw  off  water 
for  supply  purposes  from  the  bottom  water  of  the  reser- 
voir, the  lowest  intake  level  being  2S  feet  above  the  bed 
of  the  stream  at  the  dam. 
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Of  the  rainfall  which  falls  on  the  catchment  area 
a  very  considerable  amount  is  either  absorbed  by  the 
ground  or  by  vegetation  or  is  evaporated  and,  actually 
for  purposes  of  water  supply,  only  14  inches  per  annum 
in  the  three  driest  consecutive  years  can  be  depended 
upon. 

The  Rajdaha  Dam. 

The  length  and  height  of  the  dam  now  under  construc- 
tion have  already  been  given.  The  greatest  bottom  width 
of  masonry  is  60  feet.  The  level  of  the  sill  of  the  overflow 
weir  (i.e.  the  top  water  level  of  the  reservoir)  will  be  968 
feet  above  sea-level.  When  the  reservoir  is  full  the  flood 
water  will  fall  over  the  top  of  the  central  part  of  the  dam 
through  15  openings  (each  25  feet  wide)  of  a  viaduct  carry- 
ing a  roadway  from  one  side  of  the  valley  to  the  other. 

Through  the  dam  at  the  lowest  part  will  be  seen  a  12 
feet  diameter  brick  culvert  whose  function  is  to  carry  the 
water  of  the  stream  during  the  construction  of  the  rest  of 
the  dam.  When  the  dam  is  so  far  advanced  that  impound- 
ing of  water  may  be  begun  this  culvert  will  be  blocked  up 
with  a  masonry  stopping  through  which  will  be  left  an  18- 
inch  pipe  controlled  by  a  sluice  valve  to  enable  scouring 
to  be  resorted  to  from  time  to  time. 

The  supply  of  water  to  the  coal-fields  will  be  taken 
in  at  the  valve  tower  situated  at  about  a  distance  of  one- 
third  the  length  of  the  dam  from  its  eastern  end.  Intake 
valves  and  pipes  are  being  fixed  up  at  three  different  levels 
15  feet  apart  vertically,  so  that  water  may  be  taken  in 
at  whichever  level  is  most  suitable  according  to  the  height 
of  water  in  the  reservoir ;  at  the  intakes  fish  screens  will 
be  provided  to  prevent  fish,  pieces  of  wood,  etc.  from  get- 
ting into  the  pipes.     The  water  will  pass  through  the  in- 
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take  pipes  into  a  vertical  standpipe  (at  present  not 
erected)  in  the  centre  of  the  valve  tower  and  from  the 
standpipe  through  the  delivery  pipe  (laid  in  an  inspection 
tunnel)  leading  to  the  filter  beds  to  be  built  at  a  distance 
of  about  550  feet  to  the  south  of  the  dam.  In  plan  the  dam 
is  built  to  a  radius  of  2,500  feet.  This  curve  in  plan  adds 
an  element  of  strength,  but  is  not  taken  into  account  in 
the  design  of  the  dam. 

The  foundations  are  carried  down  throughout  on  to 
solid  rock,  any  fissures  encountered  being  cleared  out  and 
built  in  with  masonry,  or,  when  too  small  for  this,  grouted 
with  cement.  Immediately  in  front  of  the  dam  a  trench 
has  been  carried  down  on  an  average  some  four  or  five 
feet  deeper  than  the  foundations  proper  into  the  solid  rock, 
and  into  this  has  been  built  a  tongue  wall  in  concrete 
containing  within  it  a  layer  of  bituminous  sheeting  which 
is  brought  up  to  ground  level  and  tied  into  the  face  work 
masonry.  This  tongue  wall  is  an  extra  precaution  against 
possible  leakage  below  or  through  the  foundation  masonry. 
In  putting  in  the  foundation  of  the  lower  part  of  the  dam 
precautions  have  been  taken  against  possible  uplift  due 
to  accumulated  upward  water  pressure  on  the  base  of  the 
dam  ;  a  not  infrequent  cause  of  failure.  This  is  dealt  with 
as  follows :  Wherever  small  fissures  have  occurred  and 
where  there  have  been  any  signs  of  water  coming  through, 
3-inch  stoneware  pipes  have  been  inserted  leading  from  such 
places  to  two  drainage  tunnels  running  longitudinally 
through  the  lower  portion  of  the  dam  and  leading  into 
the  discharge  culvert  at  the  centre.  Should  there  be  any 
tendency  for  accumulation  of  water  pressure  these  3-inch 
pipes  will  relieve  such  pressure  and  prevent  the  uplift 
above  referred  to. 

The  stone  masonry  of  the  dam  consists  of :— 
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(a)  Hearting  Masonry  in  the  foundations  and  the 
central  part  of  the  wall  formed  of  large  "  plums  "  of  horn- 
blendie  gneiss  (quarried  within  a  mile  of  the  site),  bedded 
in  hydraulic  lime  mortar ;  the  spaces  between  the  plums 
being  filled  in  with  layers  of  mortar  into  which  "spawls" 
or  smaller  stones  of  the  same  kind  are  rammed.  The 
plums  are  rough  stones  just  as  they  come  from  the  quarry 
except  that  sharp  angles  are  knocked  off  and  the  beds, 
when  necessary,  are  roughly  dressed  to  an  approximately 
plane  surface. 

(b)  Face  Work,  consisting  of  squared  stones,  the 
joints  being  dressed  to  a  depth  of  nine  inches  from  the 
face.  These  stones  are  also  set  in  hydraulic  lime  mortar 
and  the  joints  are  carefully  raked  out  to  a  depth  of  2 
inches  and  then  caulked  with  nearly  dry  cement  mortar 
in  order  to  produce  a  water-tight  face  to  the  dam.  An 
attempt  was  made  to  make  use  of  a  stone  available  within 
the  reservoir  area  for  this  work,  but  after  a  trial  it  did 
not  prove  suitable  and  it  has  been  found  necessary  t6 
bring  in  Baraker  Sandstone  from  a  distance  of  some  20 
miles  for  the  purpose. 

Mortar. 

The  mortar  used  consists  of  ii  parts  of  sand  to  1  part 
of  hydraulic  lime.  The  sand  is  brought  up  about  6  miles 
from  the  Jamunia  River  on  the  south  side  of  Gomoh 
Station.  The  lime  is  manufactured  at  the  site  of  the 
works  from  kunker  brought  from  Gurpa  and  Hazaribagh 
Road.  After  burning,  the  lime  is  ground  in  disintegrators 
or  pulverizers  and  slaked  by  sprinkling  with  water  before 
being  mixed  with  the  sand. 

The  Reservoir. 

The  water  area  of  the  reservoir  will  be  212  acres;  the 
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greatest  length  and  breadth  will  be  about  if  miles  and  f 
of  a  mile  respectively.  The  area  to  be  immersed  will  be 
cleared  of  all  jungle  and  grass  before  water  is  impounded. 
A  road  will  encircle  the  reservoir  and  whenever  small 
streams  are  crossed  the  toad  culverts  will  be  built  in  such 
a  way  as  to  form  weirs  for  the  water  to  flow  over  before 
it  enters  the  reservoir,  thus  forming  catchpits  behind  the 
weirs  which  will  help  materially  in  preventing  the  heavier 
silt  from  passing  into  the  reservoir. 

Filters. 

Six  slow  sand  filters  are  to  be  provided  for  filtering 
the  water  before  it  is  delivered  into  the  aqueduct.  The 
filtering  area  (five  filters  will  be  in  use  at  a  time)  provided 
will  allow  of  a  rate  of  flow  through  the  filters  of  about  6 
inches  downwards  an  hour,  which  is  half  as  much  again  as 
the  rate  allowed  for  ordinary  river  water  not  subject  to 
long  periods  of  settlement  in  storage  reservoirs.  The 
filtering  medium  will  consist  of  2  feet  6  inches  of  sand 
(grains  one-tenth  to  one-fiftieth  of  an  inch  in  size) ;  beneath 
this  6  inches  of  gravel  (one-half  inch  to  one-eighth  inch), 
and  again  below  this  coarser  gravel  (one  inch  to  one-half 
inch)  resting  on  an  under  drainage  of  open  jointed  bricks. 

Water  will  be  delivered  into  the  filters  through  ball 
valves  which  will  maintain  the  water  at  a  uniform  level. 
The  filtration  head  will  be  controlled  by  weir  sluices 
working  downwards  provided  with  float  gauges  so  that  the 
exact  head  over  the  weirs  and  consequently  the  flow 
through  the  filters  can  be  easily  ascertained  and  regulated. 
The  water  will  fall  over  the  weirs  into  a  clear  water 
channel  intercepted  at  the  end  by  a  gauge  weir  provided 
on  either  side  with  automatic  water  level  recorders  for 
registering  continuously  the  flow  of  water. 
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Aqueduct. 

The  aqueduct  begins  at  the  gauge  weir  aud  will 
terminate  at  the  Tilatand  Service  Reservoir,  a  distance  of 
13-!  miles.  The  aqueduct  will  consist  of  5  miles  of  free- 
flowing  covered  conduit  with  a  cross  sectional  area  of 
from  2§  to  3!  square  feet,  according  to  the  available 
gradient,  and  8 \  miles  of  21-inch  diameter  syphon  pipes. 
The  conduit  follows  the  natural  contours  of  the  ground 
and  is  being  constructed  at  a  comparatively  shallow  depth 
in  "out  and  cover  "  except  for  a  length  of  2,200  feet,  near 
Topchanchi,  which  is  in  tunnel.  The  conduits  are  being 
constructed  of  concrete  and  brickwork  lined  with  cement 
plaster :  the  covering  in  shallow  places  consists  of  flagstones 
set  in  cement  mortar,  and  in  deep  places  and  in  the  tunnel 
of  flat  arch,  of  two-ring  brickwork.  Manholes  at  intervals 
of  about  1,000  feet  will  be  provided  throughout. 

Local  hollows  and  low-lying  land  are  to  be  crossed 
by  special  lengths  either  as  aqueducts  on  arches,  or  the 
conduits  will  be  built  upon  masonry  foundations. 

Topchanchi  Tunnel. 

The  tunnel  is  being  driven  from  four  shafts  varying 
in  depth  from  32  feet  to  61  feet.  At  present  hand  labour 
only  is  being  employed  for  drilling  holes.  The  rock  is, 
for  the  most  part,  very  hard  and  similar  to  the  general 
formation  at  the  reservoir,  and,  up  to  the  present,  the 
amount  of  water  percolating  is  comparatively  small.  Un- 
less it  is  found  that  progress  is  too  slow,  the  whole  work  of 
drilling  will  be  carried  out  by  hand  labour. 

Tilatand  Service  Reservoir. 

This  is  to  be  a  circular  covered  reservoir  to  hold  about 
4,000,000  gallons  of  water  (between  i|  and  2  days'  supply). 
It -will  have  a  top  water  level  of  845  feet  above  sea  level 
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(about  80  feet  below  the  level  of  the  water  in  the  clear 
water  channel  leading  from  the  filters). 

The  internal  diameter  will  be  240  feet  and  the  depth 
of  water  17  feet.  The  floor  and  walls  will  be  of  hydraulic 
lime  concrete  faced  throughout  with  Durgapur  red  pressed 
bricks.  On  the  floor  the  bricks  will  be  set  on  edge  in 
cement  mortar.  For  the  brickwork  in  the  walls  hydraulic 
lime  mortar  will  be  used  and  the  joints  will  be  raked  out 
and  caulked  with  cement  mortar.  The  roof  will  be  of 
jack  arches  supported  on  reinforced  concrete  beams,  they, 
in  their  turn,  being  supported  on  ordinary  brickwork 
arches  and  piers.  The  roof  will  be  covered  with  earth, 
and  an  earth  bank  will  surround  the  reservoir. 

The  reservoir  is  situated  in  a  saucer-shaped  valley  at 
the  foot  of  some  rocky  quartz  hills.  The  water  flowing 
from  the  hills  is  diverted  by  means  of  catch-water  drains 
on  the  east  and  west  sides  of  the  reservoir  and  by  a  21- 
inch  stoneware  pipe  below  the  floor.  The  21-inch  pipe  is 
also  used  for  disposing  of  the  subsoil  water  under  the  floor 
of  the  reservoir  which  is  collected  by  means  of  a  system 
of  open-jointed  stoneware  underdrains  leading  into  the  21- 
inch  pipe.  The  overflow  from  the  reservoir  also  discharges 
into  the  same  pipe. 

This  Service  Reservoir  is  admirably  situated  with  res- 
pect to  the  coal-fields  for  distribution  purposes.  It  lies 
about  midway  above  the  area  of  supply,  which  gradually 
falls  away  to  the  south  to  the  Damodar  River. 

Distribution. 

From  the  Tilatand  Service  Reservoir  there  will  be  two 
main  supply  pipes,  one  19  inches  in  diameter  leading  to 
the  we  tern  part  and  one  15  inches  in  diameter  leading  to 
the  eastern  part  of  the  area  of  supply.     These  split  up  into 


140    TRANS.  "MIXING    &   GEOL.    INST.   OF   INDIA.    [Vol.  XIV, 

mains  of  various  sizes  designed  according  to  the  distri- 
bution of  the  population  and  to  the  available  hydraulic 
gradients.  Three  Subsidiary  Service  Reservoirs  will  be 
located  on  elevated  points  within  the  area  of  supply,  at 
Godhur,  Jharia  and  Basjora  to  contain  respectively 
300,000,  250,000,  and  300,000  gallons.  These  will  serve 
the  purpose  of  keeping  up  pressures  during  times  of  maxi- 
mum supply,  and  of  maintaining  supplies  whilst  repairs 
are  in  progress.  The  total  length  of  the  aqueduct  and  the 
pipes  of  the  distribution  system  as  at  present  laid  out  will 
be  about  109  miles.  This  does  not  include  pipes  laid 
within  colliery  property  except  where  required  to  supply 
a  colliery  on  the  further  side  of  such  property.  Supplies 
to  collieries  will  be  given  through  meters,  and  in  addition 
there  will  be  standposts  in  Jharia,  Katras  and  the  smaller 
villages  and  at  the  sides  of  roads. 

There  is  no  doubt  that  when  the  scheme  is  completed 
a  supply  of  water  of  excellent  quality  will  be  provided,  and 
moreover  one  which  should  be  found  pleasantly  cold 
throughout  the  year  as  water  will  be  taken  from  some 
depth  below  top  water  level  of  the  Rajdaha  Reservoir, 
will  be  conveyed  throughout  in  conduits  and  pipes  laid 
below  ground  for  practically  their  entire  length  and  will  be 
stored  in  covered  masonry  storage  reservoirs  at  Tilatand 
and  within  the  area  of  supply. 

Geological  Formation  at  Rajdaha. 

The  sites  of  the  reservoir  and  dam  were  investigated 
by  the  Director  of  the  Geological  Survey  of  India  in 
December  1912,  and  he  reported  favourably  on  the  geologi- 
cal formation  as  being  satisfactory  for  the  construction  of 
a  reservoir,  subject  to  the  jointing  of  the  rocks  at  the 
dam  site  not  being  such  as  to  lead  to  dangerous  leakage. 
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As  it  has  turned  out,  the  excavation  has  shown  the  founda- 
tion rock  on  the  whole  to  be  excellent,  no  really  serious 
fissure  having  been  encountered,  and  there  have  been 
singularly  few  difficulties  in  connection  with  infiltration 
of  water  during  construction.  The  rocks  underlying  the 
site  of  the  reservoir  are  described  by  the  Director  of 
Geological  Survey  as  "  hornblendic  gneisses  and  epidorites 
for  the  most  part  fresh  and  undecomposed."  He  also 
says  that  "  between  150  and  200  yards  above  the  proposed 
site  (of  the  dam)  a  band  of  pure  quartz-felspar  gneiss,  with 
no  ferro-magnesian  minerals,  runs  across  the  basin.  This 
rock  is  the  form  of  Bengal  gneiss  common  in  Hazaribagh  ; 
it  is  foliated  and  greatly  crushed  and  at  the  surface  is  soft 
and  friable,  the  weathered  outer  crust  resembling  a  soft 
sandstone.  At  a  short  distance  below  the  surface,  how- 
ever, it  becomes  hard  and  compact,  and  it  is  not  likely  to 
prove  a  source  of  leakage." 

"  The  hornblendic  rocks  on  which  it  is  proposed  to 
"found  the  dam  are  tough  and  fresh  and  are  composed 
"  chiefly  of  plagioclose  and  hornblende.  Occasionally  they 
"contain  patches  of  quartz  and  garnet.  In  all  cases  they 
"are  quite  fresh,  and,  though  foliated  and  sometimes 
"  crushed,  their  constituent  minerals  are  undecomposed ; 
"  they  would  undoubtedly  serve  as  a  suitable  foundation 
"for  masonry." 
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Annual  Meeting. 

The  fourteenth  Annual  Meeting  of  the  Mining  and 
Geological  Institute  of  India  was  held  in  the  Lecture 
Room  of  the  Asiatic  Society  of  Bengal,  Xo.  i,  Park  Street, 
on  Friday,  30th  January,  1920,  at  n  o'clock.  The  Presi- 
dent being  unable  to  attend,  Mr.  R.  R.  Simpson,  one  of 
the  Vice-Presidents,  occupied  the  chair,  and  there  were 
present  the  following  members  : — 

Messrs.  G.  F.  Adams,  H.  S.  Alien,  C.  T.  Ambler,  J.  B.  Argyle,  Rai 

A.  C.  Banerjee  Bahadur,  Messrs.  W.  R.  C.  Beadon,  C.  B.  Chartres 
(Representative  of  Messrs.  Burn  &  Co.),  L.  M.  Chaudhuri,  N.  M. 
Chaudhuri,  W.  Cooksey,  S.  Eustace,  A.  V.  Ethi  Raj,  Tom  S.  Gibson, 

B.  Heaton,  C.  A.  John  Hendry,  Alec  B.  Hughes,  Jhaverilal  K.  Dholakia. 
H.  Lancaster,  G.  C.  Leach,  J.  Mackie,  Jas.  Mackintosh,  G.  W.  Marshall. 
N.  N.  Mukherjee,  J.  A.  Oliver,  The  Hon'ble  Mr.  J.  H.  Pattinson, 
R.  Purdy,  H.  C.  Read,  E.  H.  Roberton,  F.  L.  G.  Simpson,  E.  S.  Tarlton, 
J.  Thomas,  J.  B.  Wardlaw,  and  A.  Wright — Members. 

Messrs.  J.  H.  Lang  and  Jagatram  Xagar — Visitors. 

The    Chairman   explained   to    the    meeting    that    it 
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was  his  privilege  as  one  of  the  Vice-Presidents,  in  the 
unavoidable  absence  of  the  President,  to  take  the  chair. 

The  Honorary  Secretary  read  a  letter  from  the 
President,  Mr.  G.  C.  Lathbury,  expressing  his  regret  at 
being  unable  to  attend,  and  offering  congratulations  and 
good  wishes  for  a  prosperous  year  of  office  to  his  successor. 

The  Chairman,  after  appointing  Messrs.  Mackintosh 
and  Marshall  scrutineers  of  the  voting  papers  for  officers 
and  Council  for  the  year  1920,  called  upon  the  Honorary 
Secretary  to  read  the  minutes  of  the  last  (the  13th)  Annual 
General  Meeting,  held  on  Friday,  the  31st  January,  1919. 
These  were  read  and  confirmed. 

The  Chairman  then  called  upon  the  Honorary  Secre- 
tary to  read  the  Report  of  the  Council,  and  to  present  the 
Honorary  Treasurer's  accounts  for  1919. 

The  Honorary  Secretary  then  read  the  Report  of  the 
Council,  which  was  as  follows  : — 

REPORT  OF  COUNCIL. 

The  Council  have  the  honour  to  present  the  Fourteenth 
Annual  Report  on  the  working  of  the  Mining  and  Geo- 
logical Institute  of  India. 

2.  The  total  number  of  members  at  the  close  of  the 
year  was  283  as  against  278  at  the  close  of  the  previous 
year.  The  additions  to  the  register  and  the  losses  by 
resignation,  death,  etc.  for  the  past  five  years  are  shown 
in  the  following  table  : — 

Additions 

Losses  . . 

Gain 

Loss      ..  ..12  15  4 

The  following  is  an  abstract  of  the  membership  of  the 
Institute : — 


915 

1916 

1917 

1918 

1919 

9 

10 

9 

27 

25 

21 

25 

13 

6 

20 

21 

5 

9i7 
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1919 

201 

205 

202 

13 

30 

39 

5 

5 

5 

12 

12 

11 
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1915  1916 

Ordinary  Members. .    221  205 

Associate  Members. .     14  13 

Associates                         6  6 

Honorary  Members        10  10 

Subscribers              ..25  27 

From  the  above  it  will  be  seen  that  there  has  been  a 
decrease  of  three  in  the  number  of  Ordinary  Members. 
The  number  of  Ordinary  Members  joining  in  1919  was  15. 
On  the  other  hand  6  resigned,  1  died,  10  were  struck  off 
under  Rule  14,  and  the  name  of  Mr.  X.  S.  Banerjee  was 
removed  at  his  own  request,  the  name  of  Messrs.  S.  Banerjee 
&  Co.  being  added  to  the  list  of  Subscribers  instead.  The 
number  of  Associate  Members  elected  was  10,  but  as  one 
has  not  yet  paid  his  fees,  the  actual  number  joining  is 
therefore  9.  In  the  list  of  Subscribers  one  was  added,  and 
one  struck  off  under  Rule  14. 

3.     The  following  members  joined  during  the  year: — 

Ordinary  Members. 

Names.  Qualifications. 

.1.  Allen,  Henry  Sargent      . .     Mining  Engineer.     Bokaro,   via   Adra, 

B.N.R. 

2.  Argyle,  John  Basil  ..     Mining  Engineer.     Certificated  Colliery 

Manager.     Lodna,  Jharia.  E.I.R. 

3.  Brown,  Hugh  . .     Colliery  Manager,  S.E.  Baraboni   Col- 

lien-.     Charanpur  P.O.,  via  Asansol, 
E.I.R. 

4.  Chisholm,  John  Michael. .      Partner,  Messrs.  Balmer  Lawrie  &  Co., 

103,  Clive  Street,  Calcutta. 

5.  Cooksey,  W.  . .     Holder  of  1st  Class  Colliery  Manager's 

Certificate   (English).     E.I.Ry.  Col- 
lieries, Giridih,  E.I.R. 

6.  Duff,  Gordon  ..     Mining  Engineer.     A.R.S.M.,  A.I.M.M. 

General  Manager,  E.I.Ry.  Collieries, 
Giridih,  E.I.R. 
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7.  Edwards,  David  Lewis   . 

8.  Entwisle,  George 

9.  Fielding,  Percy  Napoleon 

10.  McNeill,  Hugh  Colley 

11.  Mukherjee,  Bhupaty 


1.:.  Nag,  Hemanta  Kumar 


13.  Olivant.  William  Henrv. 


14.  Purdy.  Richard 


15.   Robinson,  Arthur  Dawes 


Holder  of  1st  Class  Colliery  Manager's 
Certificate  of  Competency  under  In- 
dian Mines  Act.     Parhelia  Colliery. 
Dishergarh,  via  Sitarampur,  E.I.R. 
-Mining  Engineer.     M.I.  Min.  E.     Bans- 

jora:  E.I.R. 
Mechanical    Engineer.      E.I.Ry.     Col- 
•  lieries.  Giridih,  E.I.R. 
Mining  Engineer  to  Messrs.  Tata  Sons 
,V  Co.     A.R.S.M.,  M.I.M.M.,  F  G.S. 
P.O.  Box  453,  G.P.O.,  Bombay. 
Holder  of  1st  Class  Colliery  Manager'? 
Certificate  of  Competency  under  In- 
dian Mines  Act.     Colliery  Manager. 
Messrs.  A.  C.  Bauerjee  &  Co.'s  Jina- 
gora  Colliery.  Jharia.  E.I.R. 
Mining    Engineer.     Holder   of    Mining 
Diploma,  CE.  College,  Sibpur,  and 
of  1st  Class  Colliery  Manager's  Cer- 
tificate of  Competency  under  Indian 
Mines  Act.     Manager.  Khoodia  Col- 
liery, Mugma,  E.I.R. 
Engineer     and     Mine    Manager.      C  o 
Bombay    Burma    Trading   Co.,  Ld.- 
Tavoy.  Burma. 
Mining  Engineer.     Member  of  Durham 
University — South  Kensington  Hon- 
ours.    Holder  of   1st   Class  Colliery 
Manager's  Certificate  of  Competency 
under  British  Coal  Mines  Act.     Pan- 
uria  P.O..  via  Sitarampur,  E.I.R. 
B.A.     (Honours    in   Geology)    Cantab 
F.C.S.    Works  Manager,  Kulti,  E.I.R 


Xauies. 
Agabeg.  Noel  Dudlev 


Associate  Members. 

Qualifications. 

.     Student  of  Mining  and  Geology. 

lyn  Lodge,  Asansol.  E.I.R. 


Eve 
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2.  Chandra.  Lokeuath 


3.  Chatterjee,  Hrishikesh 


4.  Ghosh,  Xiraujan 


5.  Mukherjee,  Bijon  Behary 


6.  Ramsay.  Robert  E. 

7.  Roy    Chaudhuri,    Abola 

Bandhu. 


8.  Sarkar,  Akhil  Chandra 


9.  Sharma,  Girijashankar  K. 


Assistant  Manager.  East  Fatka  Col- 
liery. Nirshachetty  P.O..  Maubhum. 

Holder  of  Mining  Diploma.  C.E.  College, 
Sibpur.  and  of  2nd  Class  Colliery 
Manager's  Certificate  of  Competency 
under  Indian  Mines  Act.  Loyabad 
Colliery,  Bausjora,  E.I.R. 

Mining  Diploma  Holder.  C.E.  College, 
Sibpur.  15,  Sastitolla  Road,  Narkel- 
danga.  Calcutta. 

Mining  Diploma  Holder,  C.E.  College, 
Sibpur.  14/1.  Fordyce  Lane,  Cal- 
cutta. 

Actg.  Manager,  South  Bulliari  Colliery, 
Kusunda,  Maubhum. 

Holder  of  2nd  Class  Colliery  Manager's 
Certificate  of  Competency  under  In- 
dian Mines  Act.  Kirkend.  Kusunda, 
Maubhum. 

Mining  Diploma  Holder.  C.E.  College, 
Sibpur.  Damagooria  Colliery,  Kulti, 
E.I.R. 

Assistant  Manager,  Angarpatra  Col- 
liery, Katrasgarh,  E.I.R. 


1.  Banerjee  &  Co.,  S. 


Subscribers. 

Colliery    Proprietors    and    Merchants, 
7,  Swallow  Lane.  Calcutta. 


4.  Seven  members  have  resigued : — Messrs.  X.  S. 
Banerjee,  W.  A.  K.  Christie,  Geo.  S.  Martin,  C.  H.  R. 
Thorn,  J.  J.  Turnbull  (Jr.),  J.  White,  and  C.  S.  Whitworth. 
The  Council  note  with  regret  the  loss  by  death  of 
Sir  Andrew  H.  L.  Fraser  and  Mr.  D.  A.  Whyte. 

Sir  Andrew  Fraser  was  elected  an  Honorary  Member 
in  1909.  During  his  term  of  Lieutenant-Governorship  of 
Bengal,  he  took  a  keen  interest  in  the  Institute.     He  was 
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present  at  its  inaugural  meetings  in  1905  and  1906,  as  also 
on  subsequent  occasions,  showing  by  his  cordial  speeches 
the  sympathy  he  felt  with  its  aspirations,  and  his  interest 
in  the  development  of  the  mining  industries  of  India. 

5.  The  following  names  have  been  removed  from  the 
list  of  members  under  Rule  14  of  the  Articles  of  Associa- 
tion : — Messrs.  C.  C.  Augier,  R.  F.  Augier,  W.  Augier,  A.  J. 
Cooper,  H.  M.  Daly,  J.  R.  Harrison,  C.  J.  G.  Loveband, 
E.  D.  Onraet,  W.  H.  Phillips,  E.  S.  Saunders,  and  Thos. 
Walsh. 

6.  Meetings  of  the  Institute  were  held  as  follows  : — 
Annual  General  Meeting,  Calcutta,  January  31st,  1919. 
First  Ordinary  General  Meeting,  Bokaro,  March  3rd,  IQIQ. 
Second     „                ,,             „         Asansol,  July  21st,  1919. 

Third       ,.  „  „         Jharia,  September  8th,  1919. 

Fourth     .,  ,,  „         Rajdaha,  December  1st,  1919. 

At  the  First  Ordinary  General  Meeting  members  paid 
a  visit  to  the  E.I.R.  and  B.X.R.  Joint  Colliery,  Bokaro. 
The  Second  and  Third  were  held  for  the  reading  and 
discussion  of  papers.  The  Fourth  was  held  for  an  ex- 
cursion to  the  Jharia  Water  Works  construction  which  is 
in  progress  at  Rajdaha,  about  six  miles  from  Gomo 
Station,  on  the  E.I.R.  Grand  Chord  line. 

6.  The  following  papers  were  read  and  discussed  : — 

(a)  Welding   pit  guide   ropes,   and   some  methods    of   welding. 

By  C.  H.  McCale. 

(b)  Bye-Product  Coke  Ovens.     By  G.  W.  Marshall. 

(c)  Buckets  for  Mine  Pumps.     By  N.  P.  Fielding. 

(rf)  Ouarrying  a  thick  coal  seam  in  India,  with  notes  on  haulage 

and  drainage.     By  J.  Brown. 
(e)  Notes  regarding  proposed  sand  packing  at  Ramnagar.     By 

C.  A.  John  Hendry. 

7.  Two  parts  of  the  Transactions  have  been  pub- 
lished, forming  Part  2  of  Vol.  XIII  and  Part  1  of  Vol.  XIV. 
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Vol.  XIII,  Part  2,  was  issued  to  members  on  June  16th, 
and  Vol.  XIV,  Part  i,  on  Xovember  22nd,  1919. 

8.  Six  Council  Meetings  were  held  during  the  year 
for  the  election  of  members  and  transaction  of  the  current 
business  of  the  Institute. 

9.  Jharia  Map  Committee. — There  is  little  progress  to 
report.  The  map  was  practically  complete  a  year  ago,  but 
it  was  judged  advisable  to  have  the  dykes  showing  on  the 
surface  checked  by  a  competent  geologist.  Such  a  man 
could  not  be  obtained,  and  eventually  the  work  of  re-map- 
ping the  dykes  was  entrusted  to  the  Surveyor,  under  super- 
vision. Owing  to  his  ill-health  the  work  was  not  completed 
until  July.  At  a  meeting  of  the  Map  Committee  held  on  the 
14th  July,  1919,  the  sheets  were  finally  approved,  and  in 
August  they  were  sent  down  to  Calcutta  for  printing. 
Further  difficulties  arose  in  connection  with  the  reproduc- 
tion, and  at  the  end  of  the  year  the  printers  had  not  sub- 
mitted an  estimate  for  the' work. 

From  12th  April,  1919,  to  24th  December,  1919,  Mr. 
R.  R.  Simpson  was  on  leave,  and  Mr.  F.  L.  G.  Simpson 
acted  as  Honorary  Secretary.  The  thanks  of  the  Com- 
mittee are  due  to  Mr.  F.  L.  O.  Simpson  and  also  to  Dr. 
L.  L.  Fermor  and  Dr.  E.  H.  Pascoe  for  assistance  with  the 
work  of  reproduction. 

10.  Subsidence  Committee. — The  investigation  carried 
out  by  the  Subsidence  Committee  has  been  continued,  but 
owing  to  the  illness  of  the  Surveyor  it  has  been  in  abey- 
ance since  September  of  the  year  under  report.  This  being 
so,  no  report  of  the  work  done  in  191 9  is  being  issued. 

11.  The  prize  offered  by  the  Government  of  India 
for  the  best  paper  accepted  for  publication  in  the  Transac- 
tions of  the  Institute,  was  awarded  to  Mr.  E.  H.  Roberton 
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for  his  paper,  "Some  notes  on  the  manufacture  of   fuel 
briquettes." 

12.  Institute  Medals. — The  three  medals — gold,  silver 
and  bronze — offered  for  the  best  papers  read  before  the 
Institute,  were  awarded  as  follows : — 

(a)  The  gold  medal  was  awarded  to  Mr.  E.  H.  Roberton 

for  his  abovementioned  paper  ; 
ill)  the   silver   medal  to  Mr.   Edwin  J.  Beer  for  his 

paper  on  "Notes  on  rocks  from  Pavagarh  to 

Dohad  "  ;  and 
(c)  the  bronze  medal  to  Mr.  C.  H.  McCale  for  his  paper 

on  "  Welding  pit  guide  ropes,  and  some  methods 

of  welding." 

13.  The  following  is  the  financial  statement  for  the 
year  1919.  The  revenue  of  the  Institute  for  the  year  is 
Rs.  11,038-5-1.  Of  this  amount,  Rs.  6,483-5-4  has  been 
derived  from  subscriptions,  compared  with  Rs.  6,343-5-4  in 
the  previous  year.  The  sale  of  Transactions,  maps  and 
advertisements  realized  Rs.  615-11-9,  as  compared  with 
Rs.  1,007-13-9;  and  the  amount  received  for  interest  is 
Rs.  2,139-4-0  as  compared  with  Rs.  1,974-15-4. 

The  expenditure  is  Rs.  8,370-6-10  as  against 
Rs.  8,951-8-7  in  the  previous  year.  A  sum  of  Rs.  930  has 
been  written  off  on  account  of  subscriptions  not  recover- 
able.    The  subscriptions  outstanding  amount  to  Rs.  1,050. 
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The  Subsidence  Committee  account   is  shown  sepa- 
rately as  below : — 


Subsidence  Committee. 


Receipts. 

To  Balance  of  last  year     . . 
,.  Amount  received  in  1919 
,.  Amount  due 

Rs. 

217 

1,200 

600 

A 

9 
0 
0 

p. 

'-• 
0 
0 

Expenditure. 

By  Amount  disbursed  in 
,,  Balance  in  hand 

19 19 

Rs. 

1. 45  5 

561 

A. 

IS 

I.J 

p. 

3 

6 

2,017 

9 

0 

2,017 

9 

9 

The  Honorary  Secretary  in  presenting  the  accounts 
informed  the  meeting  that  the  Honorary  Treasurer,  Dr. 
Hayden,  was  absent  from  Calcutta,  and  that  Dr.  Pascoe, 
who  was  nominated  by  the  Council  as  their  candidate  for 
the  Honorary  Treasurer  ship,  had  been  unable  to  come  to 
the  meeting.  Members  would  notice  that  of  the  item  of 
Rs.  41,832  standing  as  investment  account  a  sum  of 
Rs-  33, 500  is  invested  in  War  Bonds  of  1920.  This  would 
mature  during  the  year,  and  the  Council  proposed  to  re- 
invest the  amount  in  the  new  Income-tax-free  Govern- 
ment Loan,  which  they  considered  the  best  investment  that 
could  be  chosen.  In  the  Income  and  Expenditure  account 
a  sum  of  Rs.  418-7-6  had  been  entered  as  general  charges. 
This  should  be  split  up  into  two  heads,  viz.  General  charges 
Rs.  343-7  -6,  and  Auditors'  Fee  Rs.  75.  A  letter  had  recent- 
ly been  received  from  the  Auditors,  stating  that  for  the 
future  their  fee  would  be  Rs.  100. 

The  Chairman  said  that  the  accounts  seemed  to  show 
that  the  Institute  was  in  a  very  flourishing  condition,  and 
moved  that  the  Report  be  adopted  and  the  accounts 
passed  as  correct. 

This  was  seconded  by  Mr.  Eustace,  and  carried  unani- 
mously. 
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The  Chairman  then  called  on  Mr.  Gibson  to  open  and 
read  the  Prize  Committee's  Report. 

Mr.  Gibson  unsealed  the  Report,  and  read  that  the 
prize  offered  by  the  Government  of  India  for  the  best 
paper  accepted  during  the  year  for  publication  had  been 
awarded  to  Mr.  J.  Brown  for  his  paper  "  Quarrying  a  thick 
coal  seam  in  India."  The  Institute  medals  were  awarded 
as  follows: — The  gold  medal  to  Mr.  Brown  for  his  above- 
mentioned  paper;  the  silver  medal  to  Mr.  C.  A.  J.  Hendry 
for  his  paper  on  "  Sand  stowing  at  Ramnagar  colliery  "  ; 
the  bronze  medal  to  Mr.  G.  W.  Marshall  for  his  paper 
"By-product  coke  ovens." 

The  Chairman  then  called  upon  the  Honorary  Secre- 
tary to  read  the  result  of  the  voting  for  the  officers  and 
Council  for  the  ensuing  year. 

The  Honorary  Secretary  reported  the  result  as  fol- 
lows : — 

President : 

R.  R.  Simpson,  m.sc.  (Dunelm.),  Inspector  of  Mines  in  India. 

Vice-Presidents : 

A.  Mort,  Superintendent,  Khost  Collieries. 

G.  C.  Leach,  m.i.m.e.,  a.i.k.E.-,  Superintendent,  Messrs.  Bird  &  Co.'s 
Collieries,  Sijua. 

Honorary  Treasurer  and  Editor  of  "  Transactions"  : 

E.  H.  Pascoe,  m.a.  (Cantab),  d.sc.  (Lond.),  f.g.s.,  Superintendent, 
Geological  Survey  of  India. 

Honorary  Secretary : 
E.  H.  Robertou,  m.sc.,  m.i.m.e.,  f.g.s.,  Professor  of  Mining,  CE. 
College,  Sibpur. 

Members  of  Council : 

A.     H.  M.  Bull,  m.i.m.e.,  Superintendent,  Messrs.  McL,eod  &  Co.'s 
Collieries. 
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2.  G.  Crawford,  General  Manager,  Messrs.  Burn  &  Co.'s  Potteries. 

3.  A.  T.  Creet,  General  Manager,  Ghusick  and  Muslia  Collieries. 

4.  S.  G.  L.  Eustace,  Messrs.  Kilburn  &  Co. 

5.  Glen  George,  b.sc..  a.m.i.c.e.,  c  o  Villiers  &  Co.,  Ltd..  Calcutta. 

6.  Tom  S.  Gibson,  Superintendent.  Patmohna  Collieries. 

7.  Alec  B.Hughes.  Mining  Engineer,  B.X.  Railway. 

8.  A.  H.  Izat,  Manager,  Central  Provinces  Prospecting  Syndicate. 
Q.  L.  A.  Jacobs,  b.sc,  m.i.m  e.,  General  Manager,  Ghusick  Col- 
lieries. 

10.  J.  Mackie,  General  Manager,  Eastern  Coal  Co.,  Ld. 

11.  X.  X.  Mukherjee,  Colliery  Proprietor. 

12.  Jas.  A.  Oliver,  General  Manager.  Bhutgoria  Colliery. 
13  H.  M.  Tarltou,  Superintendent,  Barakar  Coal  Co.,  Ld. 

14.  G.  H.    Tipper.    M.A.,    f.g.s..    Assistant    Superintendent,   Geo- 

logical Survey  of  India. 

15.  J.  B.  Wardlaw,  Chief  Mining  Engineer.  Bengal  Coal  Co..  Ld.. 

Sauctoria. 

The  Chairman  then  declared  the  officers  and  Council 
of  the  Institute  for  the  ensuing  year  duly  elected. 

Mr.  Mookerjee  proposed  a  vote  of  thanks  to  the 
retiring  President  and  Members  of  Council  for  the  services 
the}-  have  rendered  during  the  past  year. 

Mr.  Gibson  seconded  the  motion. 

The  Resolution  was  put  to  the  vote  and  carried 
unanimously. 

The  newly-elected  President,  Mr.  R.  R.  Simpson,  then 
addressed  the  Meeting. 


I 


Presidential  Address. 


BY 


R.   R.  Simpson,   M.Sc. 

Gentlemen, — -It  has  been  said  that  "  Some  are  born 
great,  some  achieve  greatness,  and  some  have  greatness 
thrust  upon  them."  Now  it  would  be  foolish  to  pretend 
that  I  am  otherwise  than  gratified  that  you  have  thought  fit 
to  elect  me  to  occupy  the  Presidential  chair,  but  at  the 
same  time  it  was  somewhat  embarrassing  to  find  on  my 
arrival  in  India  a  few  weeks  ago  that  my  acceptance  of 
nomination  had  been  taken  for  granted.  I  had  at  first 
thought  that  the  circumstances  might  warrant  a  departure 
from  the  precedent  formed  by  our  first  President,  and 
so  scrupulously  followed  by  his  successors.  I  refer  to 
the  practice  of  delivering  a  Presidential  Address.  An 
ingrained  reverence  for  precedent  and  tradition  has,  how- 
ever, spurred  me  to  endeavour,  and  I  am  fortified  by  the 
fact  that  by  another  tradition  such  efforts  are  immune 
from  criticism. 

I  have  assumed  that  in  the  choice  of  a  President  for 
the  ensuing  year  you  have  wished  to  show  appreciation 
of  the  labours  of  the  Committees  which  have  produced 
the  maps  of  the  Raniganj  and  Jharia  Coal-fields.  On 
behalf  of  the  Committees  I  thank  you  cordially  for  the 
compliment.  The  constitution  of  the  new  Council  is  a 
matter  for  congratulation,  and  I  am  hopeful  that  we 
shall,  with  the  full  co-operation  of  the  members,  carry  on 
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the  torch  still  brightly  burning  to  our  successors  at  the 
end  of  the  year. 

This  is  the  fourteenth  year  of  our  existence  as  a 
corporate  body.  In  common  with  similar  societies  in  all 
parts  of  the  world  our  development  has  been  partially 
arrested  by  the  preoccupations  of  the  War.  The  return 
to  normal  conditions  of  life  and  effort  is  but  slow,  and  it 
may  be  some  years  yet  before  they  become  fully  established. 
India  has  been  less  affected  than  most  parts  of  the  world, 
and  it  may  be  hoped  that  our  Institute  will  be  one  of  the 
first  to  recover  the  ground  which  has  been  lost.  From 
1913  to  1917  our  membership  declined  from  308  to  257,  but 
an  increase  of  the  number  of  Associate  Members  brought  up 
the  figures  to  278  in  1918.  A  further  increase  to  283  in 
1919  affords  reason  to  hope  that  the  record  of  1913  may 
eventually  be  surpassed.  The  demand  for  mining  en- 
gineers, which  for  some  years  has  so  greatly  exceeded  the 
supply,  is  now  in  a  fair  way  to  be  met.  Young  men  are 
coming  across  the  seas  in  increasing  numbers,  and  it  will 
be  our  duty  to  afford  them  such  assistance  as  lies  in  our 
power  to  fit  them  for  the  different  conditions  under  which 
they  will  have  to  work  in  the  East.  To  this  end  member- 
ship of  our  Institute,  and  participation  in  our  debates, 
will  contribute.  They  will  benefit  by  our  experience,  and 
we  will  derive  advantage  from  the  fresh  outlook  from 
which  the}r  will  see  our  familiar  problems.  The  generous 
concessions  to  national  sentiment  which  are  about  to  take 
effect  in  the  government  of  this  country  are  designed  to 
increase  the  influence  of  Indians  in  the  national  Councils. 
May  we  not  hope  that  the  quickening  spirit  thus  engen- 
dered will  lead  to  an  increase  in  the  interest  of  Indians 
in  the  affairs  of  our  Institute.  That  there  has  been  some 
progress  in  this  respect  is  shown  by  the  fact  that  the 
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number  of  Indian  members  has  increased  from  13  in  191 1 
to  42  at  the  end  of  1919.  So  far  only  two  papers  have 
been  read  before  us  by  Indian  members.  I  am  hopeful 
that  during  the  current  year  this  record  will  be  improved. 
There  are  certain  aspects  of  mining  in  India  which  the 
Indian  is  more  fitted  than  the  European  to  appreciate. 
Papers  on  any  of  the  following  subjects  would  be  of 
interest : — 

(a)  The  Economics  of  Quarrying. 

(b)  Indian   Mining   Labour.      Its   constitution,   re- 

cruitment, and  control. 

(c)  A  comparison  of  the  Contract  and  Departmental 

systems  of  working  mines. 

(d)  The  Soft  Coke  Industry. 

(e)  The  Ideal  Mining  Village  from  the  miner's  point 

of  view. 
(/)   Recreation  for  Miners. 

Time  has  dealt  kindly  with  most  of  us,  but  we  have 
to  deplore  the  death  of  Sir  William  Allen  Ironside  which 
took  place  with  such  tragical  suddenness  within  a  few 
days  of  his  being  honoured  by  His  Majesty.  He  took  the 
keenest  interest  in  the  scientific  side  of  Indian  mining, 
and  one  of  our  most  interesting  excursions  was  to  collier- 
ies under  his  control.  His  practical  initiative  and  enter- 
prise were  remarkable,  and  it  is  sad  that  he  has  not  lived 
to  see  the  fruits  of  his  sagacity.  His  place  will  be  diffi- 
cult to  fill. 

It  is  with  regret  that  I  record  the  retirement  from 
India  of  Mr.  Thomas  Henry  Ward,  one  of  the  most  notable 
mining  engineers  who  has  ever  come  to  this  country. 
During  most  of  his  long  and  meritorious  service  in  India 
he  was  associated  with  the  East  Indian  Railway  Company's 
collieries  at  Giridih,  where  scientific  methods  of  mining 


1920.]  PRESIDENTIAL   ADDRESS.  17 

and  management  have  probably  reached  a  higher  pitch  of 
development  than  in  an}-  other  Indian  coal-field.  For 
much  of  this  progress  the  credit  is  due  to  Mr.  Ward.  He 
was  the  pioneer  in  many  modern  improvements  and  it 
was  he  who  installed  the  first  bye-product  coking  plant 
in  India.  His  maps  of  the  Giridih  and  Jharia  coal-fields 
testify  to  his  skill  as  a  mining  geologist.  His  services  as 
a  consulting  engineer  were  largely  in  request.  He  was 
an  original  member  of  our  Institute  and  has  taken  a  keen 
interest  in  the  proceedings,  he  himself  contributing  several 
papers  of  great  value.  I  trust  that  he  will  be  spared  many 
years  to  enjoy  his  well-earned  and  honourable  retirement, 
and  that  from  time  to  time  he  will  return  amongst  us  ;  and 
above  all  that  he  will  continue  to  interest  himself  in  the 
affairs  of  the  Institute  for  which  he  has  done  so  much. 

We  extend  a  cordial  welcome  to  our  first  President, 
Sir  Thomas  Holland,  who  has  recently  returned  to  India 
to  organize  and  direct  the  new  Department  of  Industries. 
Under  his  able  guidance  of  the  Department  a  determined 
effort  will  be  made  to  consolidate  and  extend  the  position 
of  Industry  in  India.  We  wish  him  success  in  his  high 
endeavour,  and  we  trust  that  he  will  still  retain  his  interest 
in  our  Institute. 

Our  congratulations  are  due  to  Mr.  G.  F.  Adams  and 
Colonel  F.  J.  Agabeg  for  the  honours  which  His  Majesty 
has  conferred  upon  them  for  services  during  the  War. 

Preliminary  steps  have  been  taken  for  the  formation 
in  India  of  a  kindred  society  to  be  known  as  the  Institu- 
tion of  Engineers  (India).  The  society  will  absorb  and 
gather  under  its  constitution  a  number  of  existing  engin- 
eering societies  in  different  parts  of  India.  These  latter 
will  retain  their  existence  as  branches,  but  papers  read 
at  their  meetings  will  be  published  in  the  Transactions  of 
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the  Institution,  and  will  be  discussed  at  the  meetings  of 
other  branches.  It  has  been  suggested  that  our  Institute 
should  be  absorbed  in  the  new  creation,  but  the  proposal 
has  not  been  approved  by  a  committee  of  members  of 
Council  appointed  to  consider  it.  The  field  is  wide,  and 
our  aims  are  so  specialized  that  independent  existence 
appears  to  be  preferable.  We  extend  the  right  hand  of 
good  fellowship  to  the  Institution  of  Engineers  (India) 
and  wish  it  success  and  an  increasing  measure  of  useful- 
ness to  its  members. 

The  amelioration  of  the  conditions  of  Indian  mining 
labour  is  a  matter  which  well  merits  our  close  study. 
There  is  a  perennial  shortage  of  coal-mining  labour,  and 
the  reason  for  the  scarcity  is  not  far  to  seek.  Great 
improvements  have  been  effected  of  late  years,  but  any- 
one who  visits  the  Jharia  Coal-field  cannot  fail  to  be 
impressed  by  the  cheerless  aspect  of  the  mining  villages. 
Can  it  be  expected  that  a  man  can  be  happy  and  con- 
tented when  he  is  housed  in  a  dwelling  which  resembles 
nothing  so  much  as  a  coke  oven  ?  Does  such  a  man  not 
feel  the  lack  of  privacy,  the  want  of  land  for  cultivation 
and  of  open  spaces  for  recreation,  the  inadequate  facilities 
for  bathing,  the  absence  of  shade  trees,  the  atmosphere 
polluted  by  smoke,  and  the  general  feeling  of  discomfort. 
Is  it  to  be  wondered  at  that  his  surplus  earnings  are 
squandered  in  liquor  which  brings  temporary  forgetfulness 
of  his  dismal  surroundings,  and  that  he  returns  so  fre- 
quently to  the  more  congenial  surroundings  of  his  native 
village  ?  So  long  as  it  remains  the  practice  to  house  the 
labour  on  the  spot  no  great  improvement  can  be  expected 
in  the  Jharia  Coal-field.  Owing  to  the  extension  of  pillar- 
cutting  operations,  the  areas  reserved  for  dwelling-houses 
are   rapidly   shrinking,  and   the   congestion   is   becoming 


1920.]  PRESIDENTIAL   ADDRESS.  19 

more  acute.     Has  not  the  time  come  to  arrange  for  the 
accommodation  of  the  labour  force  in  model  villages  outside 
the  limits  of  coal- bearing  land  ?     It  may  be  objected  that  a 
Company  might  spend  large  sums  of  money  on  housing 
only  to  find  that  their  employees  had  been  enticed  to  work 
at   other   mines.     Here   we  come  face   to  face  with  the 
problem   of    combination    amongst    mine-owners,  which, 
more  than  any  other,  has  blocked  the  wheels  of  progress 
in  the  proper  development  of  the  Raniganj  and  Jharia 
Coal-fields.      Large   combines   have  lately  been  effected, 
and  it  is  not  beyond    the   bounds  of  possibility  that  a 
Rockefeller  or  Rhodes  will  arise  in  the  land  and  weld  into 
one   great    Coal   Trust    the   warring    competitors   of   the 
present   day.     During   the  War,    Government  control  of 
the  mineral  industry  in  respect  of  prices,  qualities  to  be 
worked  and  markets,   was  shown  to  be   possible,  and  it 
would   have   been   quite   feasible  to   have   extended  the 
control    to    include   the  process   of   working   the   mines. 
As  an  object  lesson  in  the  benefits  to  the  employees  of 
central  control  of  a  mining  field  I  commend  to  your  notice 
the    Kolar    Gold-field    where   the   European   and   Indian 
staff  enjoy  comforts  undreamt  of  in  the  larger  Coal-fields. 
The  number  of  persons  employed  is  but  25,000  and  yet 
there  has  been  for  more  than  ten  years  a  large  and  well 
equipped  hospital  with  modern  appliances  such  as  Rontgen 
rays,    Finsen    light,    etc.,    and    a    staff    of    five   or   six 
European   doctors.      The   Gold-field   has  been  a   Mining 
Settlement  for  many  years,  and  the   large   powers   exer- 
cised by  the  Board  have  proved  of  the  greatest  benefit  to 
the  community.     There  is   no  scarcity  of  mining  labour. 
For  another  example  of  what  can  be  done  by  a  single 
control  to  benefit  the  worker  we  may  take  the  Giridih 
Coal-field.     As  the  result  of  comfortable  conditions  of  life 
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there  is  no  scarcity  of  labour,  although  there  is  a  chronic 
shortage  in  the  great  coal-field  only  a  day's  march  distant. 
Is  not  this  cause  and  effect  ? 

Some  fifteen  years  ago  in  a  communication '  to  the 
Institution  of  Mining  Engineers  I  set  forth  the  results  of 
enquiries  made  as  to  the  prevalence  of  ankylostomiasis 
(hookworm  disease  or  miners'  anaemia)  in  Indian  Mines. 
I  stated  that  in  Bengal  mines  the  disease  appears  to  be 
unknown.  Recent  investigation  by  Dr.  J.  W.  Tomb, 
Medical  Officer  of  the  Asansol  Mines  Board  of  Health,  has, 
however,  disclosed  the  fact  that  no  less  than  66  per  cent, 
of  the  labour  force  employed  at  mines  in  the  Raniganj 
Coal-field  is  infected.  The  loss  of  efficiency  from  this 
cause  must  be  considerable,  and  is  a  matter  for  grave  con- 
cern. The  disease  yields  readily  to  treatment,  but  for 
various  reasons  it  will  be  exceedingly  difficult  to  reduce 
its  incidence  amongst  Indian  miners  to  any  marked  degree. 

The  prevention  of  malaria  is  a  matter  to  which  the 
greatest  importance  is  rightly  attached.  Dr.  Tomb  has 
kindly  sent  me  a  note  on  the  subject  which  reads  as 
follows :— "  I  have  every  hope  that  in  the  near  future, 
epidemics  of  malaria,  to  which  labour  is  so  subject  in  the 
Raniganj  Coal-field,  will  be  materially  mitigated,  if  not 
brought  to  an  end.  The  Mines  Board  of  Health,  Asansol, 
has  now  a  staff  of  trained  entomologists  who  will  be  able 
to  inform  Managers,  wherever  any  outbreak  of  malaria 
occurs,  in  what  particular  tanks  and  collection  of  water 
in  and  around  their  collieries  malaria-bearing  (Anopheline) 
mosquitoes  are  breeding.  These  will  generally  be  found 
to  be  small  pools  of  dirty  water  (dobas)  or  weed-laden 
tanks.     With   this   knowledge  available  it   will  be   com- 

'  Trans.  Inst.  M.E.,  XXVII,  pp.  471-2,  1904. 
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paratively  easy  for  managers  to  rid  their  collieries  of  the 
disease,  as  it  will  only  be  necessary  where  drainage  is 
impossible,  to  free  from  weeds  the  particular  tanks  which 
harbour  the  mosquitoes,  mosquito-larvae  not  being  able 
to  survive  the  direct  rays  of  the  sun.  I  understand  that 
these  measures  were  successfully  adopted  last  year  in 
several  collieries  in  the  Raniganj  Coal-field  which  were 
unfortunate  enough  to  suffer  from  malaria  during  a  year 
which  was  remarkably  free  from  the  disease." 

The  resolutions  of  the  International  Labour  Con- 
ference at  Washington  in  November  last,  are  of  great 
interest  to  Indian  mine-owners.  It  would  appear  that 
children  under  12  are  to  be  prohibited  from  working  in 
mines.  Personally  I  am  of  opinion  that  this  is  a  reform 
long  overdue.  It  has  been  in  operation  at  the  Giridih 
Collieries  of  the  East  Indian  Railway  Company  for  many 
years.  Another  and  more  serious  matter  is  the  suggested 
prohibition  of  night  labour  of  women.  A  committee  of 
the  Conference  has  unanimously  recommended  prohibition. 
There  is  no  doubt  that  such  prohibition,  if  applied,  would 
seriously  affect  the  output  of  Indian  coal. 

In  the  earlier  part  of  this  Address  I  have  referred  to 
the  revised  geological  maps  of  the  Raniganj  and  Jharia 
Coal-fields  which  have  been  prepared  by  committees  of 
our  members.  The  Raniganj  map  has  been  in  print  for 
some  years,  and  some  complaint  has  been  made  of  its 
inaccuracy.  I  take  this  opportunity  to  explain  that  the 
inaccuracy  is  confined  to  the  position  of  the  railways.  All 
geological  information  was  laid  down  on  the  maps  with 
reference  to  the  village  boundaries  on  the  Government 
Revenue  maps.  After  this  work  was  completed  it  was 
thought  advisable  to  show  the  railways  on  the  map,  and 
the    Railway    Companies    concerned  kindly   marked   the 
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position  of  their  lines  on  the  Revenue  map  sheets  sent  to 
them  for  the  purpose.  This  information  was  then  trans- 
ferred to  the  geological  maps,  and  it  was  unfortunately  not 
until  the  maps  had  been  printed  that  grave  inaccuracies 
in  the  position  of  the  railway  lines  came  to  light.  Users 
of  the  map  should,  therefore,  disregard  the  position  of 
the  railway  lines,  and  refer  their  observations  to  the 
village  boundaries.  In  the  Jharia  map  the  railways  and 
roads  have  been  resurveyed  by  the  Map  Committee  and 
the  considerable  inaccuracies  disclosed  have  been  correct- 
ed. The  map  is  now  being  printed,  and  will,  I  trust,  be 
on  sale  within  a  few  months. 

I  propose  to  devote  the  remainder  of  the  time  at  my 
disposal  to  a  consideration  of  the  duration  of  Indian  coal 
supplies. 

The  first  authoritative  estimate  of  the  extent  of  the 
known  coal-bearing  rocks  in  India  was  made  by  Mr. 
T.  W.  H.  Hughes  (Geological  Survey  of  India)  in  1873. 
It  is  as  follows :  — 


Square  Miles 

Godavari  river  and  its  affluents 

.     11,000 

Son  river 

8,000 

Sarguja  or  Gangpur 

•       4.500 

Assam 

3,000 

Narbada  river  and  its  affluents 

•       3,500 

Damuda  river           . .           ... 

2,000 

Rajmahal 

300 

Unsurveyed  and  uncomputed    . . 

2,700 

Total 


35.ooo 


This  is  an  enormous  area,  but  it  must  be  remembered 
that  under  a  very  large  part  of  it  the  coal  lies  at  an 
unworkable  depth. 

The  first  attempt  to  estimate  the  quantity  of  coal  in 


1920]  PRESIDENTIAL   ADDRESS  2» 

India  was  made  by  Dr.  T.  Oldham  (Geol.  Surv.  Ind.)  in 
a  report  published  in  1867.     His  figures  are  as  follows  :  — 

Millions  of  tons. 
Ranigaiij  Coal-field  . .  . .  . .      18,585 

Giridih  „  . .  . .  168 

Jharia  „  . .  465 

Bokaro  .,  . .  . .  . .        1,500 

Dr.  Oldham  thought  that  the  Jharia  Coal-field  was 
"not  very  rich,"  and  that  the  amount  of  coal  in  Assam 
was  very  large,  and  its  quality  most  valuable. 

In  1913  "The  Coal-fields  of  India"  (Mem.  Geol.  Surv. 
Ind.,  Vol.  XLI,  part  I)  was  published.  In  that  work 
I  brought  together  all  the  known  facts  on  the  subject, 
and  approximate  estimates  of  the  quantities  of  coal  avail- 
able were  made  in  the  case  of  those  fields  for  which 
sufficient  information  could  be  obtained. 

An  authoritative  appreciation  of  the  magnitude  of 
Indian  coal  supplies,  written  by  Dr.  Hayden  (Dir.  Geol. 
Surv.  Ind.)  appears  in  "  The  Coal  Resources  of*  the  World  " 
published  in  1913  under  the  authority  of  the  International 
Geological  Congress.  A  condensed  statement  of  the  figures 
given  by  Dr.  Hayden  is  as  follows :  — 
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Millions  of  Metric  Tons. 


Actual  Reserve  of 


Names  of  Places. 


First 
class 
coal. 


Bengal  and  Bihar  and  Orissa 

Raniganj 

Jharia 

Giridih 

Daltonganj 

Hutar 

Aurunga 

North  Karanpura 

South  Karanpura 

Bokaro 

Rajmahal  Hills    . . 


Second 
class 
coal. 


878 
500  I 
39 
9 


Probable  Possible 

Reserve  Reserve 

of  all  of  all 

qualities,  qualities. 


22,000 
20.000? 


9 

20 

8,900 

75 

1025 

210 


Central  India. 

Rewah  State  (Umaria,  etc.) 


22,657 


Central  Provinces. 
Sarguja  and  Chattishgarh 
Satpura  basin 
Godavari  basin    . . 


74 
202 


?  Very  large 

295 
2,278 


Large. 


Assam. 

North-East  Frontier 

Khasia.  Jaintia  and  Garo  Hills 


Baluchistan 


Punjab 


40 
79 


87 

1 


Large. 
Large. 


45 


45? 


Small 


Rajpulana 


Totals 


i,545 


276 


78.103     Large. 
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The  figures  for  actual  reserves  of  first  and  second 
class  coal  are  for  coal  at  moderate  (500  to  1,000  feet) 
depth. 

The  total  reserves  of  coal  of  all  classes  are  seen  to  be 
large,  and  may  be  considered  amply  sufficient  for  the 
country's  needs  for  centuries  to  come.  The  same  is,  how- 
ever, not  the  case  in  respect  of  coal  of  the  better  qualities. 
The  reserve  is  shown  to  be  distinctly  limited  and  may 
possibly  be  exhausted  within  a  comparatively  short  time. 

According  to  the  published  figures  for  the  year  1918 
no  less  than  53  per  cent,  of  the  output  of  Indian  coal 
came  from  the  Jharia  Coal-field,  and  31  per  cent,  from  the 
Raniganj  Coal-field.  These  fields  from  their  proximity  to 
the  sea-board  and  to  centres  of  industry,  and  from  the 
superior  quality  of  coal  which  they  contain  are  of  para- 
mount importance  to  India,  and  are  the  keys  of  our  present 
industrial  situation.  I  propose  therefore  to  attempt  to 
estimate  with  some  small  further  degree  of  accuracy  the 
reserves  which  they  contain. 

For  our  purpose  we  may  assume  that  it  will  be  eco- 
nomically possible  to  work  coal  of  superior  quality  to  a 
depth  of  1,500  feet,  or  to  a  distance  of,  say,  10,000  feet 
from  the  outcrop.  One-third  may  be  deducted  for  coal 
already  worked  or  unworkable. 

Raniganj  Coal-field. 

The  seams  of  coal  of  superior  quality  are  the  Dishar- 

garh,  Sanctoria,   Sibpur,   Ghusic,   Raniganj  and  Laikdih- 

Salanpur  Seams. 

Millions  of  Tons. 
Dishargarh  Seam — 

12  miles  of  outcrop.     Average  thickness     12  ft.      .  .      188 
Sanctoria  Seam — 

1  mile  of  outcrop.      Average  thickness     10  ft.      . .       13 
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Sibpur  Seam —  Millions  of  Tons. 

8  miles  of  outcrop.     Average  thickness  14  ft.     . .  146 

Ghusic  Seam — 

3  miles  of  outcrop.     Average  thickness  lift.      ..  43 

Raniganj  Seam — 

2  miles  of  outcrop.     Average  thickness  15  ft.      .  .  39 

Laikdih-Salanpur  Seam — 

10  miles  of  outcrop.     Average  thickness  20  ft.      .  .  260 


Total  .  .     689 

Jharia  Coal-field. 

The  more  valuable  coal  seams  are  Nos.  17,  15,  14,  13 

and  11-12.     The  aggregate  thickness  exceeds  eighty  feet, 

but  so  much  of  the  fuel  has  been  damaged  by  igneous 

intrusions  that  it  will  be  prudent  to  reduce  this  figure  to 

sixty. 

Millions  of  Tons. 
Seams  Nos.  17,  15,  14,  13  and  n-12. 

15  miles  of  outcrop.     Average  thickness  60  ft.  . .     1,174 

Summarizing  these  figures  we  have  : — ■ 

Millions  of  Tons  of  Coal 
of  superior  quality. 

Raniganj  Coal-field    . .  . .  ...  689 

Jharia  Coal-field       . .  . .  . .       1,174 


Grand  total         . .      1,863 


Now  this  amount  of  coal  is  by  no  means  a  large 
reserve.  It  is  only  about  seven  times  the  annual  output 
of  Great  Britain,  and  it  would  not  supply  the  demands 
of  the  United  States  of  America  for  more  than  three  or 
four  years.  It  is  pertinent  to  enquire  how  long  it  will 
supply  the  needs  of  India.  For  this  inquiry  it  is  necessary 
to  estimate  the  probable  future  demand  for  Indian  coal, 
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and  the  growth  of  the  demand  during  past  years  will  give 
some  indication  of  what  is  to  be  expected  in  the  future. 
The  successive  expansions  during  the  last  four  decades  are 
shown  in  the  following  table  : — ■ 

From  1880  to  1890  production  of  coal  in  India  increased        2-2  times. 
1890    „    1900  „  „      „     „       „  „  2-9      ,, 

1900    ..    1910  „  „      „     „       „  „  2 

1910   „    1920  ,,  „     „     „       „  „  about  1-8      „ 

From  this  it  is  seen  that  since  1880  production  has 
doubled  every  ten  years.  Should  this  increase  continue 
at  the  same  rate,  production  in  1950  would  be  about  160 
millions  of  tons,  and  our  reserve  of  better  class  coal  would 
have  become  exhausted.  There  are  signs,  that  the  rate  of 
increase  is  becoming  slower,  but  in  view  of  the  great  ex- 
pansion of  industry  which  is  taking  place  at  the  present 
time  there  seems  reason  to  suppose  that  the  demand  for 
coal  will  continue  to  increase  at  a  considerable  rate. 

The  production  of  coal  from  the  Raniganj  and  Jharia 
Coal-fields  in  1918  was  17-3  millions  of  tons,  and  of  this 
amount  it  may  be  assumed  that  12  million  tons  was  coal 
of  superior  quality.  If  production  increases  annually  by 
five  per  cent,  our  reserve  of  1,863  millions  of  tons  of  better 
class  coal  will  be  exhausted  in  forty-five  years. 

This  is  a  serious  prospect,  particularly  when  it  is  re- 
membered that  not  more  than  two-thirds  of  the  reserve  is 
suitable  for  the  production  of  coke. 

Recent  discoveries  have  shown  what  large  resources 
of  high  grade  iron  ore  this  country  possesses.  For  their 
development,  coke  of  good  quality  is  essential.  So  far  as 
is  known  at  present  the  bulk  of  the  necessary  coke  must 
come  from  the  Jharia  Coal-field.  The  reserve  is  strictly 
limited  and  is  being  used  up  at  an  increasingly  rapid  rate. 
This  being  the  position  it  is  a  matter  for  grave  considera- 
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tion  whether  it  would  not  be  prudent  to  prohibit  the  use 
of  coal  from  certain  areas  in  the  Jharia  Coal-field  for  any 
purpose  other  than  the  manufacture  of  coke.  Such  a  pro- 
posal would  be  in  the  interests  of  posterity,  but  it  would 
undoubtedly  be  extremely  unpopular  amongst  the  coal- 
owners  concerned.  It  certainly  savours  of  confiscation, 
as  the  present  value  of  properties  containing  reserved  coal 
would  be  considerably  reduced.  An  alternative  scheme, 
and  one  involving  no  loss  to  private  persons,  would  be  to 
reserve  for  coke-making  the  valuable  coal  remaining  in  the 
Giridih  Coal-field.  This  would  form  a  reserve  of  some  70 
million  tons  of  coking  coal,  and,  as  the  mineral  is  chiefly 
owned  by  Government,  no  question  of  the  infringement  of 
the  rights  of  private  persons  need  arise. 

Whether  such  a  policy  of  reservation  is  advisable  or 
not  is  a  matter  of  opinion,  but,  in  the  face  of  the  probable 
early  exhaustion  of  our  supplies  of  coal  of  the  better 
qualities,  there  can  be  few  who  will  not  agree  that  it  is 
imperative  to  conserve  such  coal  as  far  as  possible  for 
future  generations.  Attention  was  first  focussed  upon  this 
question  just  three  years  ago  when  Mr.  R.  G.  M.  Bathgate, 
in  a  Presidential  address  delivered  at  our  Annual  Meeting 
in  January  191 7,  gave  a  masterly  exposure  of  the  enor- 
mous losses  entailed  by  the  present  methods  of  working 
coal  in  India.  So  impressed  was  Government  by  his  dis- 
closures that  the  Secretary  of  State  sent  out  from  England 
Mr.  Treharne  Rees,  a  Mining  Engineer  of  repute,  to  ex- 
amine the  situation.  His  report  has  since  been  published, 
and  his  proposals  have  excited  great  interest.  A  Com- 
mittee of  eminent  gentlemen  has  been  appointed  by 
Government  to  ascertain  if  his  proposals  are  practicable  and 
advisable.  It  would  be  presumption  on  my  part  to  attempt 
to  anticipate  the  findings  of  the  Committee,  and  any  such 
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effort  might  be  very  wide  of  the  mark.  I  am  content  if 
I  have  been  successful  in  emphasizing  the  urgent  need  for 
the  conservation  of  the  supplies  of  better  class  coal  in 
this  great  country. 

The  figures  which  I  have  placed  before  you  are  by  no 
means  a  complete  statement  of  the  case.  They  have  been 
hastily  computed  in  the  course  of  a  few  days,  and  can 
only  be  considered  a  rough  approximation  of  the  supplies 
of  better  class  coal  in  two  limited ,  though  very  important, 
areas.  A  detailed  computation  of  the  whole  of  the  Coal 
Supplies  of  India  would  be  a  work  of  considerable  magni- 
tude, and  would  be  a  labour  of  many  months  if  not  years. 
Now  that  the  work  of  the  Jharia  Map  Committee  has 
been  completed,  the  Council  of  this  Institute  might  well 
consider  the  advisability  of  appointing  a  Committee  of 
our  members  to  investigate  the  probable  quantity  of  coal 
contained  in  the  Coal-fields  of  India,  and  to  report  on  the 
quantity  of  such  coal  which  may  reasonably  be  expected 
to  be  of  use. 


A  vote  of  thanks  to  the  President  for  his  interesting 
address  was  proposed  by  Mr.  C.  T.  Ambler,  and  seconded 
by  Mr.  J.  Mackie. 

Mr.  A.  C.  Banerjee,  rising,  said  that  on  behalf  of  the 
Indian  members  of  the  Institute  he  had  very  much  plea- 
sure in  supporting  the  proposal.  He  wished  to  say  in  this 
connection  that  many  more  Indians  were  willing  to  join  the 
Institute.  As  for  the  suggestion  of  the  President  regarding 
their  reading  papers  on  the  important  subjects  mentioned 
in  his  Address,  he  was  sure  that  they  would  take  them  up 
gradually. 

The  meeting  then  adjourned^  and   during  the  after- 
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noon  a  pleasant  and  instructive  excursion  was  made  to 
Messrs.  Burn  &  Co.'s  works  at  Howrah,  to  which  ladies 
were  invited.  The  photographs  which  are  reproduced  in 
this  number  will  remind  the  members  of  the  very  pleasant 
and  instructive  visit  and  of  the  many  wonderful  things 
which  were  seen  there. 


Annual  Dinner. 

The  Annual  Dinner  of  the  Mining  and  Geological 
Institute  of  India  was  held  at  the  Dalhousie  Institute  on 
Friday,  the  30th  January,  1920,  at  S  p.m.  Mr.  R.  R. 
Simpson,  President  of  the  Institute,  occupied  the  Chair 
and  the  following  Guests  and  Members  were  present : — 

Messrs.  H.  T.  Acton,  G.  F.  Adams,  H.  S.  Allen,  C.  T.  Ambler,  T. 
Ambler,  J.  B.  Argyle,  V.  M.  Bason,  R.  G.  M.  Bathgate,  P.  Bosworth- 
Smith.  C.  B.  Chartres.  N.  M.  Chaudhuri,  J.  S.  Colquhorn,  W.  Cooksey. 
D.  P.  Davies,  J.  Dixon,  Gordon  Duff,  A.  V.  Ethi  Raj,  S.  Eustace,  M. 
Fleury.  Tom  S.  Gibson,  S.  H.  Harman,  B.  Heaton,  C.  A.  John  Hendry, 
T.  W.  Hockly,  Alec  B.  Hughes,  Ashruff  O.  Jamall,  Jardine  Skinner 
&  Co.,  Jhaverilal  K.  Dholakia,  J.  Jowitt.  Jugatram  Xagar,  W.  Kirkpat- 
rick,  A.  M.  Lamb,  H.  Lancaster,  J  H.  Lang,  Chas.  Lea,  G.  C.  Leach, 
H.  Legat,  V.  Lough,  E.  D.  McDermott.  H.  J.  McGee,  D.  Macdonald, 
J.  Mackie,  Jas.  Mackintosh,  G.  W.  Marshall,  E.  J.  Oakley,  F.  Owen, 
Major  Pearce,  R.  Purdy,  H.  C.  Read,  D.  H.  Remfry,  E.  H.  Roberton, 
S.  H.  Seddon,  T.  M.  Shewell,  F.  L.  G.  Simpson,  E.  S.  Tarlton,  H.  Taylor, 
R.  B.  Templeton,  J.  Thomas,  T.  J.  Thomas,  Dr.  J.  W.  Tomb.  H. 
Webber.  A.  Wright  and  R.  Wright. 

The  guests  of  the  Institute  were— Sir  Thos.  H.  Holland,  K.C.S.I., 
K.C.I.E.,  D.Sc,  F.R.S.,  The  Hon'ble  Sir  Henry  Wheeler,  K.C.I.E., 
C.S.I. ,  CLE,,  I.C.S.,  The  Hon'ble  Maharajadhiraja  Bahadur  -Sir  Bijoy 
Chand  Mahtab,  K. C.S.I. ,  K.C.I.E.  of  Burdwan,  the  Hon'ble  Mr.  J.  G. 
Cumming,  C.S.I.,  CLE.,  I.C.S.,  The  Hon'ble  Mr.  W.  O.  Grazebrook, 
the  Hon'ble  Mr.  J.  H.  Pattinson,  Mr.  C  D.  M.  Hindley,  Mr.  J.  H. 
White  and  Mr.  S.  C  Williams. 

After  dinner  the  President  proposed  "  The  King 
Emperor"  which  was  drunk  with  the  customary  honours. 

In  proposing  the  toast  "  The  Government  of  Bengal " 
Mr.  C.  B.  Chartres  said  :  — 
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Mr.  President  and  Gentlemen,  I  have  the  honour  to  pro- 
pose the  Toast  of  the  Government  of  Bengal.  In  past 
years  this  Toast  has  frequently  been  a  personal  one  as  we 
then  had  the  privilege  of  entertaining  the  Governor  of 
Bengal,  but  unfortunately  owing  to  pressure  of  work  in 
connection  with  other  matters,  Lord  Ronaldshay  has  not 
been  able  to  do  us  the  honour  of  dining  with  us  to- 
night. 

We  are  fortunate,  however,  in  having  with  us  three 
Members  of  Council  in  the  Government  of  Bengal.  Sir 
Henry  Wheeler  and  Mr.  Cumming  are  not  strangers  to  us 
in  this  respect,  but  I  think  I  am  correct  in  stating  that 
this  is  the  first  time  the  Maharaja  of  Burdwan  has  honoured 
our  board.  In  fact  I  believe  it  is  the  first  time  that 
we  have  had  the  privilege  of  entertaining  an  Indian  States- 
man, and  in  view  of  developments  now  in  progress,  this 
evening  may  be  considered  to  mark  the  beginning  of  a 
new  era  for  our  Institution. 

The  Mining  Industry  has  in  the  past  experienced 
many  vicissitudes  in  the  form  of  Government  which  has 
exercised  control  over  it.  Originally  both  the  Jharia 
and  Raniganj  coal-fields  were  in  one  large  Province,  the 
administration  of  which  was  carried  out  by  a  Lieutenant- 
Governor.  This  arrangement  gave  place  to  government 
by  a  Lieutenant-Governor  in  Council,  and  then  came  the 
partition  which  put  the  two  coal-fields  in  different  Pro- 
vinces and  a  Governor  in  Council  in  charge  of  the  admin- 
istration of  Bengal  in  which  form  the  Government  of 
this  Province  still  carries  on  its  arduous  duties.  Before 
we  meet  again  at  this  festive  board,  however,  Government 
of  Bengal  will  have  undergone  yet  another  change,  as  it 
is  probable  that  the  Reforms  Act  will  then  be  in  operation 
and  the  Mining  Industry  may  find  itself  one  of  the  sub- 


1920]  ANNUAL    DINNER.  33 

jects,  the  control  of  which  is  to  be  transferred  to  an  Indian 
Member  of  Council. 

This  new  form  of  Government  will  bring  up  many- 
problems  of  a  contentions  nature  which  will  require  very 
careful  and  statesman-like  handling.  For  instance,  diffi- 
culty will  probably  be  found  in  maintaining  uniform  sets 
of  rules  in  the  two  Provinces  of  Bihar  and  Orissa  and 
Bengal,  governing  the  operation  of  the  Mining  Industry  in 
these  two  provinces.  The  payment  of  taxation  by  Indus- 
trial concerns  which  have  their  mines  in  one  Province  and 
do  all  their  business  and  have  their  registered  offices  in 
another  Province  will  also  open  up  considerable  controversy 
under  the  new  form  of  Government.  Other  problems  fac- 
ing the  Government  in  which  our  Industry  is  particularly 
interested  are  the  prevention  of  disease  and  the  settle- 
ment of  labour  in  our  Mining  Districts,  and  it  is  pleasing 
to  note  that  at  least  one  of  those  problems  has  been  the 
subject  of  experiment  by  the  Government  of  Bengal  in 
the  past  year. 

It  is  obvious  that  the  Mining  Industry  depends  largely 
on  receiving  considerable  attention  from  the  Govern- 
ment of  Bengal,  and  it  is  a  matter  of  very  great  satisfac- 
tion to  us  to-night  tohave  the  sympathetic  interest  which 
the  Government  of  Bengal  takes  in  our  Institution  demon- 
strated by  the  presence  here  of  three  Members  of  Council. 
It  is  a  particular  satisfaction  to  us  to  see  the  Maharaja  of 
Burdwan  occupying  his  present  position  in  the  Govern- 
ment of  Bengal  with  so  much  distinction,  and  he  will  go 
down  in  our  records  as  the  first  Indian  Statesman  who 
has  shown  sufficient  interest  in  our  Institute  to  do  us  the 
honour  of  dining  with  us.  I  am  sure  you  will  agree  that  if 
future  Indian  Statesmen  only  emulate  the  Maharaja  in 
the  practical  and  business-like  way  in  which  he  deals  with 
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Industrial  matters,  the  Members  of  this  Institution  will  at 
all  times  be  pleased  to  eo-operate  with  them  in  solving 
any  problems  of  Government  which  may  arise  in  connec- 
tion with  the  Mining  Industry. 

Gentlemen,  I  give  you  the  toast  of  the  Government 
of  Bengal,  coupled  with  the  name  of  the  Maharaja  of 
Burdwan. 

The  Hon.  Maharajadhiraj  of  Burdwan  in  reply  said: — 
Mr.  President  and  Gentlemen,  I  was  first  asked  to 
reply  to  the  toast  of  "The  Guests"  and  I  accepted  this 
invitation  with  alacrity,  for  I  thought  that  after  enjoying 
a  good  dinner  there,  I  would  only  require  a  very  few  words 
to  convey  to  3^ou  the  thanks  of  myself  and  my  fellow-guests 
for  your  hospitality  which  we  have  enjoyed  this  evening, 
and  I  also  saw  in  it  a  wsey  out  of  a  set  speech.  However, 
this  was  not  to  be.  When  Sir  Henry  Wheeler  pointed 
out  to  you  that  as  he  had  replied  to  the  very  same  toast 
last  year,  you  should  get  some  other  Member  of  Govern- 
ment to  do  the  task,  I  candidly  confess,  when  I  was 
asked  to  do  so,  I  began  to  see  stars,  for,  in  the  first  place, 
the  Commerce  and  Industries  Departments  not  being 
under  me,  I  thought  I  would  be  somewhat  at  sea,  and 
also  felt  that,  being  the  most  junior  partner  in  the  present 
Executive  Government  of  Bengal,  I  might  be  rather  diffi- 
dent of  my  facts.  Gentlemen,  I  feel  here  to-day  like  a 
junior  partner  in  a  big  firm  suddenly  put  into  the  charge 
of  the  whole  office,  whilst  the  Burra  Sahib  or  the  senior 
partner  has  gone  away  and  I  now  understand  why  it  was 
that  Sir  Henry  Wheeler  declined  the  honour  of  replying 
to  this  toast.  Knowing  full  well  the  excellent  way  you 
do  us  at  your  festive  board,  he  was  not  going  to  sit 
quiet  a  second  time  through  the  meal  as  has  been  more 
or  less  the  case  with  me  to-night,  cogitating  over  what 
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it  was  incumbent  on  one  to  say ;  and  it  was  because  he 
wanted  to  enjoy  himself  thoroughly  among  you  to-night 
that  he  declined,  and  I  am  up  to  reply,  therefore  to  the 
toast  of  "The  Government  of  Bengal." 

When  His  Excellency  Lord  Carmichael  spoke  at  your 
annual  gathering  in  1914,  he  mentioned  some  of  the  lines 
along  which  you,  gentlemen,  worked  for  the  advancement 
and  improvement  of  mining  and  geology  in  the  Province, 
whereas  Sir  Henry  Wheeler  last  year  went  into  general- 
ities regarding  the  gradual  evolution  of  the  present  Council 
Government  to  which  he  and  I,  with  our  Honourable 
friend  and  colleague,  Air.  dimming,  have  the  honour  to 
belong  in  Bengal.  Well,  gentlemen,  to-night  I  propose  to 
avoid  trodden  ground  as  much  as  possible  and  confine 
myself  very  briefly  to  the  activities  of  Government,  mainly 
the  Government  of  Bengal  in  the  field  of  mining  and 
geological  education  in  the  province,  and  I  do  not  think 
this  would  at  all  be  out  of  place,  when  I  find  that  your 
Institute  itself  deals  with  questions  not  only  concerning 
the  direct  handling  of  minerals — among  which  of  course 
coal  takes  the  most  prominent  place — but  also  with  regard 
to  the  general  uplifting  of  the  conditions  of  labour  and 
educational  problems  relating  to  your  industries. 

As  you  are  aware,  the  Calcutta  University  Commis- 
sion's report  has,  at  some  considerable  length,  gone  into 
the  question  of  mining  education  in  India  and  whilst  it 
has  patted  on  the  back — and  rightby  so — the  Bengali 
bhadralog  and  the  gradual  awakening  among  them  to 
take  up  mining  as  an  occupation,  it  has  devoted  some 
considerable  pages  to  the  question  of  the  establishment  of 
a  mining  school  and  evening  classes  in  the  coal-fields.  I 
shall  therefore  now  make  some  reference  to  the  activities 
of  this  Government  with  regard  to  the  improvement  of 
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such  education  in  mining  centres.  Most  of  you  are  aware 
of  our  evening  classes  near  the  Raniganj  coal-fields.  We 
were  indeed  sorry  to  lose  the  services  of  Mr.  Read  as  a 
lecturer,  but  I  understand  the  Director  of  Public  Instruc- 
tion has  recently  proposed  the  appointment  of  Mr.  Phelps 
as  a  permanent  lecturer  for  all  the  centres  of  the  two  pro- 
vinces. I  hope  this  will  mean  advance  all  along  the  line. 
Then  again  gentlemen,  when  the  Indian  Mining  Associa- 
tion refused  to  contribute  a  certain  share  towards  the 
recurring  cost  of  the  improvement  of  the  evening  classes, 
this  Government,  in  consultation  with  the  Government  of 
Bihar  and  Orissa,  agreed  not  only  to  find  mone}7  for  the 
capital  grant,  which  the  Government  of  India  had  sanc- 
tioned, but  also  agreed  to  share  between  them  the  entire 
recurring  cost.  The  Mining  Education  Advisory  Board  has 
now  been  requested  through  the  Director  of  Public  In- 
struction to  prepare  a  complete  building  scheme. 

I  shall  now  turn  for  a  moment  to  the  proposal  about 
the  School  of  Mines  at  Dhanbad  with  which  we  as  a 
Government  are  no  longer  directly  concerned,  but  I  may 
inform  you  that  the  Bihar  and  Orissa  Government  pro- 
poses to  establish  such  an  institution  at  Dhanbad  before 
long.  This  Government  has  also,  as  you  are  aware,  sanc- 
tioned for  a  period  of  five  years  the  practical  training  of 
selected  students  from  survey  schools  in  this  Province  and 
in  Bihar  and  Orissa,  in  mine  surveying,  whilst  we  have 
also  given  our  approval  to  certain  developments  of  the 
mining  classes  at  the  Civil  Engineering  College  at  Sibpur. 

You  may  recollect  that  in  1917,  the  Government  of 
India,  as  an  outcome  of  the  complaints  brought  to  their 
notice  by  the  Bihar  and  Orissa  Government  with  regard 
to  the  burning  of  coke  in  open  furnaces,  and  the  wastage 
of  coal  in  consequence,  in  some  of  the  Jharia  coal-fields, 
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in  consultation  with  the  Indian  Mining  Association  and 
the  Government  mining  authorities  and  in  communica- 
tion with  the  Government  of  Bengal,  decided  to  hold  an 
inquiry  to  ensure  greater  economy  in  the  extraction  and 
consumption  of  coal.  In  consequence,  the  Government 
of  India  addressed  the  Secretary  of  State  for  India  on  the 
subject  who  in  return  appointed  Mr.  Treharne  Rees,  of 
Messrs.  Forster  Brown  and  Rees  of  London,  to  make  the 
necessary  expert  inquiry.  Mr.  Rees  arrived  in  India  early 
in  January  1919,  and  visited  the  Jharia  and  Raniganj 
coal-fields  among  others.  His  report  was  submitted  to 
the  Secretary  of  State  in  May  1919,  and  was  received  by 
the  Government  of  India  about  September  of  that  year. 
As  originally  contemplated,  the  Government  of  India  have 
now  decided  to  appoint  a  representative  committee  to  con- 
sider Mr.  Rees'  recommendations  and  to  report  what  ac- 
tion should  be  taken  in  connection  therewith.  Mr.  Rees' 
recommendations  deal  not.  only  with  the  methods  of  ex- 
tracting coal,  but  also  with  the  supervision  of  leases,  the 
weighment  and  accurate  accounting  of  coal  extracted, 
rotation  of  working,  conditions  of  labour,  the  methods  of 
coking,  the  improvement  of  the  handling  and  despatch  of 
coal  and  the  introduction  of  hydraulic  sand-stowing.  The 
Chairman  of  the  Committee  will  be  Mr.  B.  Foley,  Com- 
missioner of  Chota  Nagpur,  and  the  Members  will  in- 
clude : — 

The  Director  of  the  Geological  Survey, 

The  Chief  Inspector  of  Mines, 

A  representative  of  the  Railway  Board, 

Raja  Ban  Behari  Kapur  Bahadur,    representing  the 

Zemindari  interests  concerned, 
Representatives  of  the  Indian  Mining  Association,  and 
The  Indian  Mining  Federation. 
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Mr.   Bathgate  of   Messrs.  Jardine  Skinner   &  Co.  re- 
presenting the  Bengal  Chamber  of  Commerce  and 

A  non-official   Member    of   the    Imperial   Legislative 
Council. 

Gentlemen,  I  have  mentioned  all  these  rather  dry 
facts  to  convince,  if  such  convincing  were  at  all  necessary, 
that  whilst  the  Government  of  Bengal  cannot  take  the 
same  active  interest  in  the  development  of  these  import- 
ant industries  in  the  sense  most  of  you  can  or  some  of  us 
may  be  able  to  do  as  private  proprietors  and  landowners, 
yet  as  a  Government,  it  has  not  been  entirely  idle. 
Every  day  now,  problems  relating  to  the  extension  and 
development  of  industries  and  Indian  commerce  are  likely 
to  face  us,  and  whilst  thanking  you,  on  behalf  of  His 
Excellency  and  my  Honourable  colleagues  for  the  kind 
references  of  j-our  Mr.  Chartres  to  our  Government,  we 
look  forward  to  your  increasing  co-operation  and  whole- 
hearted support  in  the  solution  of  our  future  difficulties 
in  launching  schemes  for  the  benefit  and  welfare  of  all 
those  industries  in  which  you  are  concerned  and  with 
which  is  very  much  enwrapped  the  future  prosperity  of 
Bengal  and  her  sister  Province  of  Bihar  and  Orissa. 

Once  more,  Gentlemen,  I  thank  you  very  heartily  for 
the  warm  welcome  which  you  have  given  us  and  for  your 
hospitality  and  good-fellowship  and  I  am  indeed  very 
grateful  to  Mr.  Chartres  for  the  high  compliment  he  has 
paid  me  by  his  very  flattering  remarks  with  regard  to  my 
humble  self.  Being  all  businessmen  you  undoubtedly 
realize  that  in  taking  office,  I  had,  to  a  certain  extent,  to 
sacrifice  direct  supervision  of  my  own  estate.  But  I  felt 
that  when  my  Chief  himself,  the  son  of  a  wealthy  peer  of 
the  realm,  and  a  public  man  of  no  mean  merit,  could 
sacrifice  a  public  life  full  of  great  possibilities  in  England 
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by  coming  out  to  India  to  be  a  Governor  of  a  Presidency, 
the  least  I  could  do,  the  moment  he  asked  me,  and  at  a 
time  when  I  never  dreamt  that  I  would  get  the  permanent 
vacancy  caused  by  L,ord  Sinha's  appointment  in  England 
and  his  elevation  to  the  British  peerage — was  to  accept 
even  the  temporary  appointment  offered  to  me  by  His 
Excellency  in  May  1918,  and  I  can  assure  you,  gentlemen, 
that  up  till  now,  not  for  a  single  day,  have  I  regretted  my 
action,  because  I  can  assure  you,  without  running  the  risk 
of  flattering  my  Chief,  thit  it  is  a  real  pleasure  and  an 
instructive  experience,  not  only  to  myself  but  to  my  other 
two  Honb'le  colleagues,  to  work  side  by  side  with  such  a 
broad-minded  statesman,  keen  traveller  and  shrewd  ob- 
server like  Lord  Ronaldshay. 

The  President,  rising  to  propose  the  toast  of  Sir 
Thomas  Hoallnd,  said  : — 

Gentlemen,  it  gives  me  great  pleasure  to  propose  the 
health  of  Sir  Thomas  Holland — one  of  the  most  useful 
public  servants,  who  has  ever  landed  on  these  shores. 
The  recital  of  his  achievements  for  the  public  weal  would 
occupy  more  time  than  I  can  allow  myself  on  this  social 
occasion,  but  I  ma}-  relate  some  few  of  the  facts  of  his 
remarkable  career. 

His  appearance  of  vigorous  youth  is  such  that  one 
can  scarcely  credit  the  fact  that  it  is  nearly  30  years  since 
Sir  Thomas  first  came  to  India.  For  a  number  of  years 
his  abundant  energies  were  spent  in  acquiring  a  thorough 
knowledge  of  Indian  Geology,  and  he  made  a  special  study 
of  Economic  Mineralogy.  In  1903  his  remarkable  talents 
were  recognised  by  those  in  authority,  and  he  was  appointed 
Director  of  the  Geological  Survey  of  India.  He  at 
once  set  about  a  thorough  reorganization  of  the  Depart- 
ment,   and    succeeded  in  obtaining   an  increase  of  staff. 
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He  impressed  upon  that  staff  his  conception  of  the  Geolo- 
gical Survey  as  an   intelligence  department   upon  which 
the  miner  bases  his  plan  of  campaign,  and,  without  sacri- 
ficing the  interests  of  pure  Science,  he  greatly  expanded 
the  work  of  the  department  in  the  domain  of  economic 
geology.     He    rendered    notable   aid   to  the  oil  and  coal 
industries,  and  the  establishment  of  iron  and  steel  manu- 
facture at  Jamshedpur,  and  copper   smelting   at    Rakha 
Mines  were  largely  the  fruit  of  his  efforts.     He  was  res- 
ponsible for  the  simplification  of  the  regulations  for  grant- 
ing  mineral   concessions    in    India,  and    for   this   reform 
alone  the  mining  community  owe  him    much.     He   also 
focussed  attention   upon  the  great  possibilities  for  bye- 
product  coking  plant,  and  for  the  manufacture  of  ferro- 
manganese    and   aluminium.     When   in    1909,  he   retired 
from  the  service  of  the  Government  of  India  he  had  ac- 
complished a  great  work.     It  was  in  1915,  that  Sir  Thomas 
again  "heard  the  East  a-calling  "  and  came  out  to  preside 
over  the  Industries  Commission.     Whilst  this  investigation 
was  proceeding  the  Government  of  India,  looking  round 
for   a  man  of   great    organizing  capacity,   appointed  Sir 
Thomas  Holland  as  Head  of  the  Department  of  Munitions. 
He  has  now  accepted  the  exalted  position  of  President  of 
the   newly-created  Department  of  Industries, — a  depart- 
ment which  aims  at  the  establishment  of  a  new  era  of  co- 
operation between  Government  and  the  industrial  public 
for  the  economic  advancement  of  India.     It  may  be  that 
to-night  he  will  tell  us  something  of  his  plan  of  campaign. 
It  was  the  late  Mr.  W.  H.  Pickering  and  Sir  Thomas 
Holland   who  were  chiefly  instrumental  in  founding  our 
Institute  just  13  years  ago,  and  Sir  Thomas  was  our  first 
President.     His  presence  here  to-night  we  look  upon  not 
only  as  an  honour,  but  also  as  a  delight. 
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My  own  personal  relations  with  Sir  Thomas  have 
been  of  the  friendliest  description.  I  well  remember  my 
first  official  communication  from  him.  I  had  been  engaged 
in  examining  a  coal-field  in  the  Trans-Indus  Salt  Range, 
and,  having  completed  the  work,  set  off,  with  the  cheerful 
optimism  of  youth,  on  a  tour  of  exploration  into  the  bor- 
der country,  where  armed  escorts  were  considered  neces- 
sary. After  going  about  30  miles  and  enjoying  myself 
immensely,  I  was  overtaken  by  a  minion  of  the  nearest 
Deputy  Commissioner  bearing  a  telegram  in  which  the 
Director  of  the  Geological  Survey  commanded  my  imme- 
diate return.  The  order  was  obeyed,  but  it  was  some- 
what in  fear  and  trembling  that  I  returned  to  Headquar- 
ters, and  met  Sir  Thomas  for  the  first  time.  He  was  ex- 
tremely kind  and,  much  to  my  relief,  nothing  was  said 
about  the  matter.  A  later  recollection  is  how  Sir  Thomas 
got  up  one  fine  morning  and  abolished  the  post  of  Mining 
Specialist  which  I  was  then  holding.  It  was  done  in  the 
kindest  way,  but  the  "push"  is  the  "push"  No  doubt 
he  thought  he  had  got  rid  of  me  for  good  and  all,  but  no, 
for  while  he  in  the  course  of  time  left  India  seeking  new 
worlds  to  conquer,  I  continued  to  plug  along  steadily  with 
the  old  Firm,  and  now  he  has  returned  to  find  me  a  humble 
lieutenant  in  the  industrial  army  of  which  he  is  the  illus- 
trious Commander-in-Chief.  Well.  Gentlemen,  I  will  not 
detain  you  any  longer,  but  will  call  upon  you  to  drink  the 
health  of  Sir  Thomas  Holland,  our  first  President,  and,  on 
this  occasion,  our  thrice  welcome  guest. 

Sir  Thomas  Holland,  in  replying,  also  proposed  the 
toast  of  "The  Mineral  Industries  of  India."     He  said: — 

Mr.  President  and  gentlemen,  I  had  two  excellent 
reasons  for  accepting  the  kind  invitation  of  the  Council  to 
be  one  of  your  guests  this  evening.     In  the  first  place,  as 
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most  of  you  know,  I  have  to  take  over  within  the  next 
few  weeks  the  administration  of  those  heads  of  business 
which  include  mining  and  geology.  And  as  this  Institute 
represents  in  India  all  that  is  best  in  the  science  of  Geology 
and  the  art  of  Mining,  your  Annual  Meeting  gives  me  an 
opportunity  of  renewing  the  happy  official  association 
which  was  interrupted  when  in  1908,  I  made  way  for  a 
better  man  to  take  my  place  as  Director  of  the  Geologi- 
cal Survey. 

Secondly,  and,  more  important,  I  welcome  the  oppor- 
tunity of  enjoying  again  the  generous  and  unreserved 
hospitality  that  always  characterises  a  mining  community 
in  any  part  of  the  world.  The  personal  attraction  thus 
supersedes  to  me  the  official. 

You  will  remember  that  in  my  inaugural  address  to 
this  Institute  in  1906,  I  told  you  that  "  The  Government 
have  not  maintained  a  Geological  Survey  for  the  last  55 
years  merely  to  know  that  Jurassic  fossils  occur  in  the 
Central  Himalayas,  or  that  the  trap  intrusions  which  have 
been  such  a  pest  in  the  coal-fields  are  peridotites  instead  of 
lamprophyres,  as  they  were  once  thought  to  be.  The 
object  in  view  is  the  development  of  the  mineral  resources 
of  the  country,  and,  whatever  my  scientific  friends  may 
say,  it  is  the  duty  of  the  Government  and  the  duty  of 
their  scientific  officers  to  make  this  the  paramount  object 
of  scientific  work  in  India."  There  is  no  doubt  that  this 
policy  has  been  faithfully  observed  by  my  successor,  Dr. 
Hayden.  And  the  records  of  the  Geological  Survey  show- 
that  during  the  past  ten  years  since  I  retired,  whilst  ques- 
tions of  mineral  development  have  been  kept  to  the  front, 
there  has  been  no  falling  off  in  the  standard  of  scientific 
research  on  which  economic  mineral  problems  are  based. 

For  some  years  before  I  retired  I  deliberately  cultivat- 
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ed  two  institutions  to  constitute  two  fruitful  legacies. 
I  took  care  that  Dr.  Hayden  should  not  have  the  handicap 
that  I  suffered  from  myself  when  appointed  Director,  but 
should  have  opportunities  for  that  varied  experience, 
geographical  as  well  as  technical,  which  is  necessary  to 
direct  our  varied  operations.  I  realised  in  time  that  the 
main  duty  of  the  administrator  is  to  choose  his  successor, 
give  him  the  necessary  experience  and  then  get  out  of  the 
way.  My  other  pet  legacy  was  this  Institute,  designed 
"  to  study  all  branches  of  mining  methods  and  of  mineral 
occurrences  in  India  with  a  view  to  disseminating  infor- 
mation for  facilitating  the  economic  development  of  the 
mineral  industries  in  the  country."  With  your  co-opera- 
tion I  hope  to  see  that  these  talents  do  not  lie  buried  in  a 
napkin,  that  your  capital  fund  in  brains,  experience  and 
money  is  not  allowed  merely  to  lie  at  usury.  I  shall  ex- 
pect, in  my  new  duties  to  rely  with  confidence  on  this 
Institute  for  advice ;  for  there  are  many  ways  in  which 
I  see  opportunities  of  pushing  ahead,  and  I  feel  that  you 
have  not  been  used  as  fully  and  freely  as  you  might  have 
been. 

Among  the  many  problems  that  lie  ahead,  a  crop  of 
bye-products  from  Mr.  Treharne  Rees'  report  will  be  put 
before  you  by  the  Committee  that  is  about  to  sit.  These 
will  be  financial  as  well  as  technical,  and  it  will  be  your 
business  to  see  that  Mr.  Pattinson  and  his  friends  under- 
take their  share  of  the  reform  that  should  follow. 

The  Industrial  Commission  has,  as  you  know,  en- 
dorsed the  recommendation  to  institute  a  school  of  mines 
at  Dhanbad.  This  proposal  was  originally  made  by  Sir 
Duncan  Macpherson's  Committee  and  afterwards  support- 
ed by  another  Committee  composed  of  Messrs.  Adams, 
Glen  George  and  Robertson.     You  have  heard  that  when 
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the  devil  found  he  could  not  delay  progress  sufficiently  in 
other  ways,  he  invented  the  Committee.  He  seems  to 
have  filed  his  patent  and  secured  influential  customers 
in  this  country  as  at  home.  But  don't  let  the  manufac- 
ture of  committees  become  a  self-contained  in  industry. 
It  is  for  you  who  are  directly  interested  in  mining  methods 
to  see  that  some  thing  more  practical  is  done  and  I  shall 
be  disappointed  if  I  cannot  before  retiring  from  India  for 
the  third  time,  be  present  at  the  opening  of  the  Dhanbad 
school  of  mines.  I  shall  be  disappointed  also  if  you  fail 
to  prod  the  Local  Governments  and  the  Government  of 
India  into  effective  action,  doing  of  course  your  own 
share. 

At  the  Imperial  War  Conference  in  1917,  it  was  agreed 
to  set  up  an  institution  for  collecting  information  regard- 
ing the  mineral  resources  and  metal  requirements  of  the 
Empire.  This  resolution  took  form  on  the  27th  July,  1918, 
as  the  Imperial  Mineral  Resources  Bureau,  with  Sir  Richard 
Redmayne  as  Chairman  and  Dr.  R.  D.  Oldham,  formerly 
of  the  Geological  Survey  here,  as  the  representative  of 
India.  Among  other  duties,  this  Bureau  will  keep  in  close 
touch  with  the  economic  situation,  watching  the  fluctua- 
tions of  production  and  consumption,  exports  and  imports, 
costs  and  prices  throughout  the  world,  so  as  to  detect  any 
threatened  shortage  or  overproduction  in  any  quarter  of 
the  Empire.  The  Bureau  will  take  over  from  the  Home 
Office  the  duty  of  compiling  British  and  foreign  mineral 
statistics,  revising  the  well-known  part  4  of  the  Annual 
Report  of  the  Chief  Inspector  of  Mines  which  has  been  in 
abeyance  during  the  war.  It  will  also  maintain  a  legal 
branch  for  the  compilation  of  mining  law  and  practices 
bearing  on  the  conditions  of  mineral  tenure,  and  this  will,  I 
hope,  enable  us  here  to  settle  many  novel  questions  which 
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have  arisen  in  consequence  of  our  new  desire  to  follow 
George  Herbert's  embellishment  of  the  law  to  love  thy 
neighbour  as  thyself — •"  pull  not  thou  down  the  hedge." 

It  will  be  the  duty  of  the  new  department  of  Govern- 
ment to  act  as  local  correspondent  of  this  Imperial  Mineral 
Resources  Bureau,  deriving  our  information  and  advice 
from  this  Institute  as  well  as  from  official  sources.  I  hope 
the  Institute  therefore,  will  make  it  its  business  to  take 
up  mineral  questions  as  well  as  local  mining  problems. 

There  has  been  a  tendency  in  recent  years  to  confine 
your  discussions  to  local  coal-mining  problems,  leaving 
questions  connected  with  other  minerals  outside  Bengal 
and  Bihar  to  find  expression  in  other  journals.  Dis- 
tances in  India  encourage  these  tendencies ;  but  it  should 
be  possible,  if  we  still  have  a  few  prophets  of  the  faith  and 
zeal  of  our  founder,  William  Pickering,  to  galvanise  local 
branches  into  action  in  the  mining  fields  of  Burma,  Kolar 
and  the  Central  Provinces,  where  no  other  similar  local 
institutions  so  far  exist 

Another  question  that  will  soon  be  before  you  will  be 
your  relationship  to  the  new  Institution  of  Engineers.  The 
Institution  will  in  effect  *  be  a  federation  of  local  associa- 
tions with  geographical  limits,  whereas  your  limitation  is 
only  by  subject,  and  an  understanding  will  be  necessary 
if  you  are  to  change  undesirable  competition  into  mutual 
support. 

It  is  your  custom,  apparently,  at  these  annual  ban- 
quets to  drink  to  the  success  of  the  Mineral  Industry  of 
India.  I  notice  that  you  never  "do  puja"  in  this  way 
to  the  other  constituent  of  your  institute,  namely.  Geo- 
logical science.  Possibly  this  is  unnecessary  and  taken 
for  granted,  like  Providence,  the  Christian  religion  and  the 
Reform  Scheme.     But  in  this  combination  of  practice  and 
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science,  both  are  essential.  As  the  chemists  say,  in  a 
binary  salt  the  base  is  as  essential  as  the  acid.  As  the 
combination  of  geological  science  with  mining  methods 
produces  the  mineral  industries  both  constituents  are  re- 
cognised in  proposing  prosperity  to  the  compound :  the 
greater  includes  the  less. 

It  is  just  fourteen  years  and  fourteen  days  since  this 
Institute  was  inaugurated  at  Asansol.  Since  then  the 
annual  output  of  coal  has  much  more  than  doubled  in 
quantity.  Its  annual  pit-mouth  value  was  then  well  below 
that  of  gold  ;  its  value  is  now  more  than  three  times ;  the 
curve  of  quantity  is  still  rising  and  that  of  value  is  even 
steepening.  Among  the  other  minerals  that  have  gone 
ahead  satisfactorily,  we  have  petroleum,  wolfram,  mica, 
lead,  silver,  tin,  monazite,  chromite,  iron-ore,  copper-ore 
and  saltpetre. 

When  I  prepared  the  first  review  of  mineral  produc- 
tion in  1904,  I  drew  attention  to  the  miraculous  way  in 
which  mica  increased  in  quantity  between  the  mines  and 
the  ports.  There  are  still  apparently  some  prolific  mines 
concealed  somewhere  between  Bihar  and  Calcutta,  for  last 
year  you  exported  5,000  cwts.  more  mica  than  you  pro- 
duced ;  and  still  more  wonderful,  the  mica  which  passed 
the  customs  was  four  times  the  value  of  that  which  paid 
royalty  in  the  field.  As  an  economic  magician,  the  widow 
with  her  cruise  of  oil  was  a  modest  amateur  compared 
with  the  mica  dealer. 

In  spite  of  these  little  statistical  surprises  the  picture 
maintains  its  perspective  as  it  grows  and  develops  satis- 
factorily in  detail.  I  can  wish  it  success  without  fear  of 
disappointment.  In  one  of  my  Presidential  addresses  I 
quoted  Huxley's  remark  to  the  effect  that  there  was  little 
difference  between  those  who  got  the  praise  and  those  who 
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accepted  the  pudding  of  scientific  results.  You  deserve 
the  praise  for  our  mineral  development,  but  I  will  couple 
this  toast  with  a  representative  of  those  who  fairly  de- 
serve and  sometimes  take  a  good  share  of  the  pudding — 
the  President  of  the  Mining  Association  who  ably  repre- 
sents the  interests  of  the  mineral  industries  in  the  Bihar 
Legislative  Council,  Mr.  Pattinson. 

The  Hon.  Mr.  J.  H.  Pattinson  said  :— 

Mr.  President  and  Gentlemen,  it  is  my  privilege  to- 
night to  respond  to  the  toast  of  the  Mineral  Industries  of 
India. 

First  and  foremost  I  must  thank  Sir  Thomas  Holland 
for  proposing  this  toast  and  for  the  very  interesting 
speech  that  he  has  made  us.  India  is  an  extremely  rich 
couutry  in  minerals,  all  waiting  to  be  developed  with 
funds  also  available,  but  the  speed  of  development  is 
seriously  handicapped  for  the  want  of  adequate  transport 
facilities. 

Being  connected  with  a  mineral  industry  I  have  many 
a  time  had  propositions  put  before  me  which  appeared 
very  sound,  but  had  to  turn  them  down  because  the  depo- 
sits were  miles  from  a  railway  line  and  the  chance  of 
getting  a  line  was  almost  nil.  A  very  good  instance  of 
what  development  of  the  mineral  industries  has  to  put  up 
with  is  the  recently  sanctioned  siding  to  open  up  the  Trans- 
Adjai  Coal-field.  For  years  this  coal-field  lay  idle  partly 
because  a  certain  geologist  reported  adversely  on  it  but 
mainly  because  it  was  18  miles  from  the  nearest  rail  head. 
In  191 7,  we  started  the  ball  rolling  for  a  siding  to  serve 
this  field  and  for  a  very  long  period  we  did  not  receive  the 
slightest  hope  of  a  siding,  in  fact  we  received  direct  opposi- 
tion to  it.  The  coal  was  tried  and  found  satisfactory. 
The  point  then  raised  in  opposition  was  the  quantity  avail- 
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able.  This  was  settled.  Then  the  excuse  was  the  War 
and  the  consequent  shortage  of  materials.  However  to 
cut  a  long  story  short  this  siding  received  the  final  bless- 
ing, and  its  construction  was  sanctioned  a  few  days  ago 
— a  matter  of  nearly  three  years  from  the  time  it  was  origi- 
nally proposed. 

Xow  let  us  turn  to  the  transport  facilities  of  the 
mineral  industries  which  are  already  served  by  railway 
communication  and  the  best  mineral  to  take  is  the.  one 
which  concerns  most  of  us  here  to-night  and  which  is  the 
foundation  for  the  development  of  practically  all  the  other 
minerals,  namely,  coal  and  its  bye-products.  The  deve- 
lopment of  the  coal  industry  has  always  been  hampered 
by  the  want  of  an  adequate  supply  of  wagons.  I  do  not 
say  the  wagon  supply  is  the  only  cause — our  friend  the 
miner  is  responsible  to  a  certain  degree — but  the  wagon 
supply  is  responsible  for  a  very  large  share.  The  usual 
expression  for  the  lack  of  transport  facilities  is  wagon 
shortage  but  if  you  seriously  consider  the  position,  is  this 
a  correct  expression  ?  In  my  opinion  it  is  not  correct. 
The  expression  which  should  be  used  is  not  wagon  shor- 
tage but  want  of  running  facilities,  locomotives  and  traffic 
management  sufficiently  based  on  the  experience  obtain- 
able in  other  countries.  Coals  of  fire  will  no  doubt  des- 
cend upon  my  head  from  the  railways  for  having  said 
this,  but  in  support  of  my  remarks  I  will  point  out  a  few 
cases  which  I  consider  justify  this  statement. 

A  "  Goods  "  guard  of  one  of  the  local  railways  told  me 
not  many  months  ago  that  to  do  about  70  miles  it  had 
taken  him  36  hours,  and  in  that  time  he  had  19  shunts. 
Take  another  case.  It  is  considered  a  good  trip  for  a  coal 
wagon  to  reach  the  docks  in  three  days.  The  trip  to 
Bombay  and  back  is   good   at    21    days,    and   the   same 
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journey  to  and  from  Karachi  is  good  at  a  month.  If  the 
railways  would  concentrate  on  accelerating  the  traffic  it 
is  very  evident  that  the  wagon  supply  would  very  soon 
be  a  great  deal  better,  and  with  some  perseverance  we 
might  reach  Utopia  and  have  a  continuous  full  supply 
every  day  throughout  the  year. 

To  put  several  thousand  more  wagons  on  the  existing 
lines  will  only  cause  worse  blocks  than  at  present  unless 
the  running  facilities  are  increased  and  likewise  the  loco- 
motive power.  The  trouble  about  getting  wagons  has 
a  very  detrimental  effect  on  the  coal  industries  apart  from 
hanging  up  the  stocks  and  preventing  the  development 
one  wishes  to  do ;  it  keeps  the  price  down  at  a  very  low 
level  and  this  in  turn  further  prevents  development.  A 
railway  contract  is  considered  a  prize  because  you  get 
full  wagon  supplies  and  so  get  your  coal  away.  To  get 
this  prize  we  all  fall  over  each  other,  and  what  is  the 
result  ?  A  reduction  in  rates  to  make  certain  of  a  share 
of  the  contract.  It  has  been  said  that  railways  should 
get  their  coal  cheaper  than  others,  because  they  have 
the  wagons.  This  is  an  extraordinary  argument  for  the 
following  reasons.  The  railways  hopelessly  fail  in  their 
capacity  as  public  carriers  and  are  unable  to  carry  the 
goods  offered  to  them,  and  because  they  fail  they  demand 
to  get  their  coal  cheaper  than  others.  The  wagons  are 
their  own  property  and  naturally  they  help  themselves 
first,  but  that  is  no  reason  why  they  should  get  their  coal 
any  cheaper.  For  years  the  Government  have  been  blamed 
for  keeping  the  price  of^coal  down  to  a  very  low  level.  I 
do  not  think  we  can  really  blame  them  for  deliberately 
knocking  the  price  down,  but  what  we  can  blame  them  for 
is  their  past  starvation  policy  of  the  railway  programme. 
The  tender  principle  in  the  case  of  coal  for  railways 
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is  a  bad  one  as  owing  to  their  inability  to  fulfil  their  con- 
tract as  public  carriers,  competition  for  a  railway  order  is 
so  keen  that  every  one  quotes  a  low  price  in  order  to  get 
a  share  of  that  order.  Combination  amongst  the  coal 
owners  would  to  a  great  extent  have  ended  this  disas- 
trous and  fictitious  competition  but  alas,  the  coal  owners 
could  not  combine.  We  managed  to  combine  for  one 
small  contract,  but  when  the  time  came  for  the  big 
contract  the  idea  of  combine  was  hopeless.  Large  stocks 
and  scarcity  of  wagons  for  any  other  than  a  railway  con- 
tract were  quite  sufficient  to  account  for  this,  and  prices 
were  reduced  in  order  to  insure  a  railway  contract  and  so 
get  an  outlet  for  the  output. 

Seriously  considered,  the  present  state  of  affairs  in 
the  Coal  Industry  of  India  is  appalling.  The  whole  world 
is  short  of  coal  and  yet  here  we  have  excessive  stocks. 
The  price  of  Indian  coal,  instead  of  being  on  a  level  with 
the  other  coal  supplies  of  the  world  and  increasing  in  value, 
is  reduced.  Why  ?  Because  the  Indian  Railways  are  in- 
capable of  transporting  the  output. 

With  the  very  low  price  received  in  the  past  for  Indian 
coal,  collieries  have  been  starved  in  their  development  for 
want  of  funds.  The  cheapest  raised  coal  has  been  one 
with  the  result  in  a  good  many  cases,  mines  have  been 
practically  ruined,  and  there  is  a  great  deal  of  coal  which 
can  never  be  raised  due  to  wide  galleries  and  pillars  which 
would  be  better  named  Pins.  In  a  great  many  cases  the 
early  mining  operations  were  carried  on  having  in  view 
only  an  immediate  output,  with  no  regard  whatever  to  the 
future  or  to  the  preservation  of  a  great  national  asset. 
For  the  future  it  is  the  duty  of  everyone  of  us  to  work 
the  mines  in  the  best  possible  way  so  that  we  can  get  the 
best  returns  not  only  in  actual  output  but  prevent  waste 
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due  to  bad  mining,  etc.  This  will  cost  us  money,  and  we 
must  look  in  the  future  for  a  very  considerable  increase 
in  the  cost  of  raising,  and,  as  a  sequence  to  this,  we  must 
ask  a  better  price  for  our  coal. 

To  sum  up,  Gentlemen,  there  are  three  very  impor- 
tant points  which  all  of  us  must  keep  constantly  before  us 
in  the  future.  The  first  is,  we  must  do  our  best  to  get  the 
railways  to  give  us  adequate  transport  facilities.  Promi- 
ses have  been  made  and  if  they  are  carried  out  we  shall 
attain  this  point,  but  we  must  not  rely  on  promises  or  allow 
the  railways  to  go  to  sleep.  Secondly,  we  must  mine  our 
coal  on  the  best  and  most  economic  lines,  so  as  to  preserve 
and  not  waste  a  valuable  asset.  And  lastly,  having 
regard  to  the  increased  costs,  let  us  sell  our  coal  at  a  price 
which  will  not  only  allow  us  to  develop  and  work  the 
mines  in  the  way  they  should  be  worked  but  also  leave  a 
margin  of  profit  for  the  shareholder  and  make  the-  coal 
industry  of  India  a  gilt-edged  security  and  not  a  gamble. 
Worked  and  managed  well  the  coal  industry  has  a  very 
bright  future.  Let  us  all,  whether  managers  or  owners, 
do  our  best  to  attain  this  object. 

Mr.  G.  F.  Adams  in  proposing  the  health  of  the 
guests  said  : — 

Mr.  President  and  Gentlemen  : — When,  this  afternoon, 
at  the  kind  invitation  of  Messrs.  Burn  and  Company,  I 
walked  with  some  of  you  round  their  spacious,  well  equip- 
ped and  up  to  date  works,  it  struck  me  forcibly  that  if 
there  is  one  thing  more  than  another  which  characterises 
the  age  in  which  we  live,  that  one  thing  is  surely  mechani- 
cal invention.  Wonderful,  one  might  almost  say  bewilder- 
ing, in  their  complications,  their  intricacies  and  their 
ingenuity  are  some  of  these  fierce  things  of  recent  years. 
Now  there  are  persons  who  question  whether  the  world  is 
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really  the  better  for  them.  That  I  think  we  must  dismiss 
to-day  as  idle  argument,  but  I  could  not  help  reflecting  that 
after  all  it  is  not  the  most  complicated  »f  them,  it  is  not  the 
most  intricate  that  have  been  of  the  greatest  service.  For 
instance,  it  is  not  unpleasant,  I  will  go  further  and  say  it 
is  not  unfitting,  even  for  so  pre-eminently  scientific  and 
brilliant  an  assemblage  as  is  gathered  here  to-night,  to 
reflect  that  there  are  no  two  inventions  which  have  done 
more  to  promote  the  happiness  of  the  great  mass  of  man- 
kind, which  have  contributed  more  to  man's  well-being, 
to  man's  comfort  and  to  man's  health,  than  those  two 
perfectly  simple  contrivances,  the  knife  and  fork. 

Now  when  we  come  together  on  the  last  Friday  in 
every  January  to  see  what  we  can  achieve  in  the  way  of 
manipulating  these  little  instruments,  it  is  onr  custom,  and 
long  may  that  custom  continue,  to  ask  other  gentlemen, 
distinguished  in  various  walks  of  life,  to  come  and  emulate 
us.  In  your  name,  my  fellow-brothers,  I  bid  them  wel- 
come here  to-night  and  in  a  few  minutes  I  will  ask  you  to 
drink  their  health.  Here  I  should  like  to  emphasise  that 
this  Institute  has  been  fortunate  in  its  guests.  It  has 
been  my  valued  privilege  to  have  attended  every  dinner 
which  has  been  held  since  the  Institute's  inception,  and 
I  say  unhesitatingly  that,  with  few  exceptions  indeed,  the 
men  who  have  come  among  us  and  who  have  eaten  our 
salt,  have  been  not  so  much  the  guests  of  an  evening  as 
the  friends  and  supporters  of  a  lifetime. 

I  do  not  want  to  insinuate  or  suggest  for  a  moment 
that  the  knife  and  fork  are  the  only  things  which  play  a 
part  in  a  dinner  of  the  Mining  and  Geological  Institute  of 
India.  On  the  contrary  we  are  always  regaled  with  such 
a  feast  of  intellect  and  such  a  flow  of  soul  that,  as  cryptic 
utterance  follows  cryptic  utterance,  as  we  sit  first  at  the 
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feet  of  one  Gamaliel  and  then  at  the  feet  of  another,  the 
knives  and  the  forks  and  the  plates,  even  the  white  table 
cloths  disappear,  we  soar  into  clouds  and  surrender  our- 
selves to  the  delightful  feeling  of  thinking  we  are  wise 
because  we  are  listening  to  words  of  wisdom. 

Gentlemen,  I  call  you  back  to  the  recollection  of  the 
feast,  I  call  you  back  to  the  contemplation  of  your  glasses, 
I  call  you  back  to  earth  again  and  I  ask  you  to  drink  the 
health  of  our  guests.  I  couple  it,  I  have  very  much  plea- 
sure in  coupling  it,  with  the  name  of  Mr.  Grazebrook. 
Gentlemen — Our  guests. 

The  Hon.  Mr.  W.  O.  Grazebrook  in  reply  said : — 

Mr.  Chairman,  Mr.  Adams  and  Gentlemen: — Having 
accepted  with  pleasure  the  kind  invitation  of  your  Insti- 
tute to  dine  with  you  to-night,  it  was,  after  a  discrete 
interval,  intimated  to  me  thatT  should  be  expected  to 
make  a  speech.  This  somewhat  dashed  my  first  feelings 
of  pleasant  anticipation  but  I  decided  as  philosophically  as 
I  was  able,  that  one  must  take  the  rough  with  the  smooth. 

I  may  be  pardoned  I  hope  for  saying  that  I  was  not 
closely  acquainted  with  the  history  of  your  Institute  or 
with  its  objects,  but  I  was  kindly  supplied  by  your  Hono- 
rary Secretary  with  the  Transactions  of  your  Institute 
during  recent  years.  I  read  them,  or  perhaps  I  should 
say  more  truly  I  read  as  much  of  them  as  a  man  with  no 
pretensions  to  being  a  geological  expert  was  able  to  read 
and  comprehend.  My  reading,  I  may  perhaps  admit  was, 
of  necessity  largely  confined  to  the  reports  of  your  Annual 
dinners.  These  I  found  quite  light  and  easy  reading,  un- 
like a  good  deal  of  the  other  matter  contained  in  your 
Transactions.  I  found  in  the  reports  of  former  dinners  two 
things  of  great  help  to  me.  One  was  that  in  responding 
to  toasts  your  rules  impose  a  time  limit  of  i\  minutes. 
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That  heartened  me  up  a  lot.  The  other  thing  I  found  was 
a  statement  of  the  objects  of  your  Institute.  I  do  not 
propose  to  risk  exceeding  my  limit  of  \\  minutes  by  stating 
all  the  objects,  but  I  gathered  generally  that  you  exist  to 
obtain  information  and  to  record  it  in  your  Transactions 
for  the  benefit  of  others.  That  you  are  in  fact  an  altru- 
istic, if  not  indeed  a  charitable  society.  It  is  my  misfor- 
tune that  my  want  of  geological  education  does  not  per- 
mit of  my  making  so  much  use  of  your  Transactions  so 
altruistically  collected  and  so  admirably  recorded  in  your 
journal,  as  I  (and  no  doubt  you)  could  wish.  But  I  have 
tangible  evidence  of  your  kindly  and  hospitable  intentions 
in  the  excellent  dinner  and  the  verj^  pleasant  evening  my 
fellow-guests  and  I  have  enjoyed  to-night.  We  wish  a 
long  and  useful  life  and  all  prosperity  to  your  Institute 
and  its  members. 

Mr.  B.  Heaton  said: — 

Gentlemen,  I  have  been  asked  to  propose  the  toast  of 
"  The  President."  I  commenced  my  remarks  with  "  Gentle- 
men" and  not  "Mr.  President  and  Gentlemen,"  as  I  sup- 
pose they  should  be  addressed  to  you  and  not  to  the  Presi- 
dent. I  think  that  we  are  particularly  fortunate  in  our 
selection  of  a  President.  He  is  an  all  round  man.  He  is 
rural  by  habits  and  connection,  and  his  manner  is  genial 
and  urbane.  Mr.  Simpson's  connection  with  India  has 
embraced,  as  he  has  told  us,  a  period  of  service  in  the 
Geological  Survey  as  well  as  on  the  inspection  of  Mines. 
We  therefore  know  that  he  has  got  an  all  round  experi- 
ence which  will  be  extremely  useful  in  guiding  the  affairs 
of  the  Institute.  I  think  that  really  is  the  chief  thing  one 
has  to  say  about  Mr.  Simpson,  as  all  round  experience 
will  be  so  extremely  useful  and  therefore  I  would  ask  you 
to  drink  to  his  health. 


1920  ANNUAL   DINNER. 

The  President  replied: — 

Gentlemen,  I  thank  you  heartily  for  the  cordial  way  in 
which  you  have  drunk  my  health.  I  trust  that  when  we 
meet  again,  twelve  months  hence,  I  shall  have  deserved 
your  good  opinion. 
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Forging  a  heavy  piece  of  shafting  at  25  cwt.  Steam  Hammer. 
(The  work  is  manipulated  by  a  10-ton  hydraulic  crane.) 
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Visit  to  Jamadoba  Colliery. 

Meld  on   the  8th   March,  1920. 

By  the  kind  invitation  of  Messrs.  The  Tata  Iron  and 
Steel  Co.,  Ld.,  a  visit  was  paid  to  the  Jamadoba  Colliery 
on  Monday,  the  8th  March,  1920,  when  the  members  in- 
spected the  Goodman  Shortwall  mining  machines  and 
the  Jeffrey  drilling  machines  there  at  work.  Members 
met  at  the  colliery  office  at  10  a.m.  and  then  proceeded 
underground,  guided  by  Mr.  John  Kirk,  Chief  Mining 
Engineer  of  Messrs.  The  Tata  Iron  and  Steel  Co."s 
Collieries,  and  his  staff  of  officers.  The  following  note  has 
been  kindly  furnished  by  the  Chief  Mining  Engineer : — 

Note  by  the  Chief  Mining  Engineer  of  Messrs.  The  Tata 
Iron  and  Steel  Co.'s  Collieries  on  the  Goodman  Shortwall 
Mining  Machines  and  the  Jeffrey  Drilling  Machines 
at  Jamadoba. 

The  plant  consists  of  : — 

Generator — One.     A  high-speed   engine  drives  a 
D.C.  250-volts  200  K.W.  generator. 
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Mining      Machines. — Ten    Goodman     Shortwall 

machines.     Only   two    are    installed    and    practically 

only  one  is  working.     A   description  of  the  machine 

follows : — 

Jeffrey  Drills.— Ten  ii  H.P.D.C.   250-volt  motors 

mounted    on    a  suitable  frame,  capable  of  drilling  a 

hole  6'  i\"  in  diameter  in  4  minutes. 

The  party  arrived  at  No.  4  Incline  about  10  a.m., 
were  supplied  with  small  acetylene  gas  lamps  and  taken 
underground.  Mr.  Mott,  the  Goodman  representative, 
explained  the  main  points  and  capabilities  of  the  machine 
to  those  interested.  The  machine  then  pulled  itself  off 
the  truck  and  started  to  cut  itself  in  ;  minor  stoppages 
were  necessary  due  to  the  working- place  not  being 
squared  up,  and  to  the  picks  touching  the  floor.  The 
machine  cut  across  the  entry  and  then  cut  up  a  room. 
The  total  time  taken  for  unloading,  cutting  and  reloading 
was  55  minutes,  and  the  coal  prepared  for  blasting 
amounted  to  40  tons,  or,  counting  roof  coal,  80  tons. 
The  party  were  then  taken  to  see  the  Jeffrey  Drill  operat- 
ing. The  drills  put  in  two  holes  i:i  about  10  minutes. 
As  the  machines  are  only  in  the  experimental  stage  it  is 
impossible  to  give  definite  cost  statements,  but  the 
management  are  quite  confident  that  they  can  with  the 
machines  produce  coal  from  this  seam  cheaper  than  by 
hand  labour.  Large  cars  and  trolly  locomotives  will  ulti- 
mately be  put  in  commission,  and  these  will  get  over  the 
present  principal  difficulty,  which  is  that  of  clearing  up 
the  coal. 

On  completion  of  the  inspection  the  party  returned 
to  the  surface  where  a  light  lunch  had  been  kindly  pre- 
pared by  the  Tata  Iron  and  Steel  Company.  Mr.  Mott 
very  kindly  answered  questions  put  to  him  and  gave  a 
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lucid  description  of  Machine  Mining  in  the  United  States 
of  America.  The  President  of  the  Society  then  thanked 
the  Tata  Iron  and  Steel  Company  for  the  privilege  of  the 
visit,  and  for  the  lunch,  after  which  the  meeting  termi- 
nated. 

The  following  is  a  specification  of    the   Coal-cutting 
Machines : — 

Shortwall  type :  Motor  50  H.P.D.C.  250-volts : 
Cutter,  chain  type :  speed  of  chain,  400  feet  per 
minute :  depth  of  undercut,  6  feet :  height  of  under- 
cut, 7" :  speed,  from  12"  to  24"  per  minute.  The  ma- 
chine is  mounted  on  a  self-propelling  truck,  unload- 
ing and  reloading  itself  with  a  minimum  of  manual 
labour. 

Present  : — Messrs.  J.  B.  Argyle,  R.  Barrowman,  D.  Blair,  F.  L.  Cork. 
L.  M.  Chowdhurv.  L.  X.  Chandra,  N.  G.  Chatterjee,  H.  K.  Chatterjee, 
Edgar  C.  Evans,  F.  B.  Foster,  R.  Fenwick,  L.  Gould,  J.  G.  Harding, 
P.  J.  Judge,  J.  Kirk,  S.  Kirk,  H.  Lancaster,  G.  C.  Leach,  Chas.  Lea, 
Jas.  Mason,  Jas.  Murray,  C.  A.  McGurie,  J.T.  Mackenzie,  McCormick, 
T.  N.  Mukherjee,  T.  C.  Murray.  Jas.  A.  Oliver,  J.  Robinson,  R.  R. 
Simpson,  W.  .Simmons,  J.  T-  Turnbull  and  W.  Weir. 


Meeting  at  Asansol. 

Held  on  Monday,  July   19th,  1920: 

The  second  Ordinary  General  meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Railway 
European  Institute,  Asansol,  on  Monday,  the  19th  July, 
1920,  at  10-30  a.m. 

Present  : — Mr.  R.  R.  Simpson,  President    (in  the  Chair),  Messrs. 

E.  C.  Agabeg  J.  B.  Argyle.  EL.  Barnett,  R.  Barrowman,  H.  M.  Bull,  J. 
Bullock,  G.  Crawford,  D.  P.  Davies,  J.  X.  A.  Devine,  W.  S.  Elphinstone, 

F.  B.  Foster.  Harishankar  H.  Dave.  J.  G.  Harding,  C.  A.  John  Hendry, 
L.  A.  Jacobs,  Jhaverilal  K.  Dholakia.  P.S.  Keelan,  J.  Mackie,  E.  H. 
Roberton,  I.  G.  C.  Robertson,  A.  V.  Sam.  D.  Sellers,  W.  Simmons, 
F.  L.  G.  Simpson,  T.  F.  Steele,  D.  D.  Thacker.  Dr.  J.  W.  Tomb  and 
Mr.  J.  B.  Wardlaw — Members. 

Messrs.  J.  T.  Caldwell,  F.  Cooper,  E.  B.  Davenport,  L.  D.  Ford, 
A.  W.  Goldsworthy,  W.  H.  Goldsworthy.  Jadulal  K.  Dholakia,  W.  V. 
Eeval.  G.  Naysmith — Visitors. 

The  minutes  of  the  Ordinary  General  meeting  held 
on  the  8th  September,  1919,  were  read  and  confirmed. 
The  discussion  on  Mr.  Brown's  paper  "  Quarrying  a  Thick 
Coal  Seam  in  India,  with  notes  on  Haulage  and  Drainage" 
was  closed. 

DISCUSSION  ON  Mr.  C.  A.  JOHN  HENDRY'S  PAPER 

ON   "PROPOSED   SAND-PACKING   AT 

RAMNAGAR." 

Mr.  Hendry  in  making  a  few  additional  remarks 
on  his  paper  dealing  with  sand-packing  at  Ramnagar, 
read  to  the  meeting  the  following  note  on  the  "  Cement 
Gun"  :— 
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Note   on    the  use   of   Cement    in    Mines   and  the 

method  of  its  application. 
In  my  paper  (Vol.  XIV  of  the  Transactions)  mention 
was  made  regarding  the  adaptation  of  compressed  air  for 
mining  operations,  particularly  for  the  purpose  of  supple- 
menting the  head  of  the  sand  and  water  feed  to  increase 
the  longitudinal  flow.  For  this  the  cement  gun  would 
appear  to  be  worthy  of  consideration,  as,  I  understand, 
it  can  readily  be  adapted,  sand  and  water  taking  the 
place  of  concrete.  Whereas  in  the  case  given  the  head 
is  low — say  80  feet — and  the  lead  is  required  to  be  a 
matter  of  1,200  feet  or  more,  I  have  shown  that  the 
head  will  distribute  at  a  point,  say  300  feet  from  its  base. 
At  this  point  the  mixture  could  be  fed  into  a  cement  gun 
and  by  its  aid  carried  on  a  further  distance  of,  say,  600 
feet  or  more  in  an  economical  and  ready  manner.  Fur- 
ther the  gun  has  certain  uses  apart  from  this  which  are 
certainly  worthy  of  consideration.  In  this  connection 
I  give  you  herewith  a  report  by  the  manufacturers' 
Manager,  Mr.  B.  C.  Collier,  regarding  this  matter  : — 

"It  has  been  a  matter  of  common  knowledge  for  a  great 
many  years  that  the  principal  source  of  trouble  occasioning  roof 
falls  in  coal  mines  is  not  "  squeeze  "  or  pressure,  but  rather  the 
action  of  the  air  on  the  roof  material,  causing  "'slacking"  or 
disintegration  of  the  rock.  This  action  is  particularly  marked  in 
the  summer  season  when  the  hot  dry  air  from  the  surface  is  pumped 
into  the  mine,  where  it  comes  into  contact  with  the  cool  air  of 
the  mine,  causing  a  condensation  to  take  place.  This  condensa- 
tion naturally  carries  with  it  the  sulphur  and  other  gases  of 
the  mine,  occasioning  a  settlement  of  the  moisture  of  the  roof, 
which,  through  porosity  and  capillarity,  absorbs  the  water, 
thereby  starting  at  once,  and  to  an  accentuated  degree,  the 
weathering  action  which  we  know  takes  place  in  all  cuts  in 
rock  of  a  similar  character  to  that  in  the  roof  of  the  coal 
mines. 
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"  To  overcome  this  action  and  the  danger  consequent  thereto 
past  practice  has  been  to  timber  the  mine  with  bents  spaced 
to  a  greater  or  less  frequency  as  occasion  demanded,  and  to 
close-log  between  the  setts.  We  have  known  that  this  was 
only  a  makeshift,  and  that  the  replacement  of  this  logging 
with  cribbing,  to  take  the  place  of  space  developed  through 
falls,  is  work  naturally  to  be  contemplated.  Another  expensive 
and  fairly  effective  method  has  been  to  have  a  layer  of  coal 
varying  in  thickness  from  twelve  to  eighteen  inches  against  the 
roof.  This  is  expensive  due  not  only  to  a  considerable  loss  of 
coal  but  also  to  the  fact  that  extraordinary  care  in  shooting  and 
mining  is  necessar}'. 

"  Experiments  of  different  characters  have  therefore  been  made 
to  develope  an  effective  and  economical  method  of  eliminating  this 
enormous  expense.  Most  of  these  methods  have  consisted  in  the 
construction  of  heavy  brick  or  concrete  arches  which  have  assured 
a  high  degree  of  permanency  and  efficiency,  but  at  a  very  excessive 
first  cost,  so  that  they  were  precluded  on  any  operation  except 
that  in  very  large  and  permanent  installations. 

"It  has  been  known  for  a  long  time  that  a  wash  of  Portland 
Cement  with  its  high  water-resisting  qualities  offers  a  possible  solu- 
tion of  the  difficult}',  in  that  it  would  prevent  the  absorption  of  the 
condensed  air.  provided  an  effective  method  could  be  obtained  for 
procuring  the  adhesion  of  the  cement  to  the  roof.  Brushing  the 
surface  with  a  wash  of  neat  cement  was  not  thoroughly  efficient 
because  none  of  the  cracks  or  seams  became  filled.  It  was  impos- 
sible to  secure  an  adhesion  of  mortar  placed  with  a  trowel. 
Greater  success  was  obtained  by  placing  a  layer  of  lean  reinforced 
concrete  only  five  or  six  inches  thick.  This  method  was  first  tried 
in  the  Mines  de  Bethune  in  France  in  1907  and  reports  show  that 
it  was  very  effective,  but  that  the  expense  was  considerable. 

"  In  1914  the  Bureau  of  Mines,  at  the  suggestion  of  the  Chief 
Mining  Engineer,  Dr.  George  S.  Rice,  used  a  Cement  Gun  to  line  the 
explosion  chamber  of  their  testing  entry  at  Bruceton,  Pennsylvania. 
The  Bureau  had  in  contemplation  a  series  of  tests  on  anthracite 
dusts,  and  very  naturally  the  anthracite  operators  objected  to 
being  held  subject  to  tests  made  in  a  bituminous  mine.  This 
resulted  in  a  determination  to  line  the  inner  300  or  400  feet  of  this 
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entry,  the  portion  where  all  explosions  were  made.  The  outer  end 
of  this  entry  is  concreted  for  300  or  400  feet,  and  the  several 
hundred  feet  between  the  concrete  and  the  Gunite  is,  as  originally, 
cleaned  up.  Explosions  are  fired  in  this  chamber  every  other  day 
in  the  winter  months  from  October  to  May,  and  the  ability  of  the 
Cement  Gun  mortar  to  adhere  under  such  very  adverse  circum- 
stances was  so  marked  that  it  led  to  a  careful  investigation.  It 
was  seen  that  the  roof  and  rib  of  this  covered  portion  had  shown 
no  evidence  of  weathering,  whereas  in  the  uncovered  portion 
immedaitely  adjacent  the  draw  slate  above  the  coal  had  weathered 
back  to  more  than  one  foot  beyond  its  original  position,  and  that 
the  roof  was  falling  rapidly." 

"  Although  up  to  1916  one  or  two  mines  other  than  that  of  the 
Bureau  had  used  the  Cement  Gun  with  more  or  less  success,  but 
principally  in  the  fireproofing  of  shaft  timbers,  very  little  definite 
information  had  been  obtained  on  this  subject.  On  account  of 
severe  temperature  conditions  in  that  year  unusual  attention  was 
called  to  the  slacking  conditions  with  the  result  of  considerable 
investigation  by  engineers,  and  frequent  visits  by  them  to  the 
Rruceton  Mine,  which  was  being  frequently  referred  to  by  Dr. 
Rice,  and  other  members  of  his  staff. 

'•  These  resulted  in  the  installation  in  1916  of  Cement  Gun  out- 
fits in  Mine  Edna  Xo.  I  of  the  United  Coal  Corporation  near  Irwin. 
Pa.,  and  also  in  Mine  Xo.  155  of  the  Consolidation  Coal  Co.  at 
Van  Lear,  Ky.  The  roof  conditions  in  these  mines  were  very 
differeut.  In  Edna  Xo.  1  the  roof  is  a  mixture  of  fire  clay  and 
snale,  and  weathers  very  rapidly,  causing  falls  of  so  serious  a 
character  as  to  cause  very  frequent  shut-downs  of  the  mine,  as 
well  as  danger  to  life.  This  danger  was  so  marked  that  men  were 
not  allowed  to  ride  to  and  from  work  in  cars  travelling  the  main 
slope,  but  had  to  walk  up  and  down  the  air  slope.  The  entire 
main  haulage-way  is  now  covered  with  Cement  Gun  mortar ; 
there  has  been  no  fall  in  this  slope,  while  the  men  are  no  longer 
nervous,  and  are  better  satisfied  in  that  they  are  not  called  on  to 
take  this  long  walk  before  and  after  their  day's  work.  A  full  re- 
port on  this  operation  is  contained  in  an  article  published  in  "  Coal 
Age"  of  December  26th,  1918,  which  shows  that  the  costs  have 
averaged  about  three  cents  per  square  foot  of  covered  surface. 
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"  At  the  Van  I.ear  Mine  the  conditions  were  entirely  different. 
The  roof  of  this  mine  consisted  of  a  hard  gray  slate  which,  when 
first  uncovered,  would  seem  to  indicate  au  ability  to  stand  for  an 
indefinite  period.  The  air  action  was  soon  apparent  with  the  re- 
sult of  a  breaking  down  of  the  roof  in  slabs  varying  in  size  from 
one  half  a  cubic  foot  to  two  cubic  feet.  These  slabs  would  fall 
without  any  previous  indication,  and  caused  frequent  and  serious 
accidents.  At  the  time  that  the  Cement  Gun  was  introduced  steel 
timbering,  spaced  four  feet  on  centres,  was  being  used  with  close- 
logging  and  packing  between  them.  No  timbering  has  been  placed 
since  that  date,  according  to  last  reports,  and  the  superintendent 
stated  that  he  had  felt  repaid  if  in  no  other  way  by  the  assurance 
of  safety  in  which  his  men  passed  through  these  entries. 

"One  of  the  most  marked  examples  of  the  success  of  this  method 
of  roof  protection  is  the  case  of  the  mine  of  the  Cameron  Coal  Co- 
at Pittsburgh  (near  Marion)  III.  This  mine  caught  fire  about 
1910,  and  after  being  flooded  was  abandoned.  When  it  was  de- 
cided in  1917  to  reopen  the  mine,  it  was  found  that  the  roof  had 
slacked  to  an  alarming  degree,  and  that  at  places  the  distance 
from  the  floor  to  the  roof  was  as  great  as  thirty  feet.  The  forma- 
tion is  a  shale,  highly  impregnated  with  lime  which  weathers  very 
rapidly. 

'"Great  difficulty  was  experienced  in  covering  this  roof,  for 
frequent  falls  occurred  when  the  wet  mortar  struck  the  surface, 
and  it  was  only  through  painstaking  effort  that  success  was 
assured.  It  has,  however,  resulted  in  the  operation  of  a  mine 
which  otherwise  could  not  have  been  opened,  as  timbering  under 
such  conditions  was  not  only  impracticable  but  almost  impossible. 

'•  These  three  illustrations  are  examples  of  what  numerous  other 
prominent  companies  now  report  to  be  their  experiences  not 
only  in  the  bituminous,  but  also  in  the  anthracite  field.  One 
superintendent  states  that  he  has  uot  used  a  stick  of  timber 
in  his  mine  since  he  started  with  the  Gun,  and  another  prominent 
engineer  made  the  statement  that  his  experience  justifies  him  in 
saying  that  it  is  as  much  a  part  of  his  mine  equipment  as  a 
fan  or  pump. 

'■  Another  remarkable  development  of  the  use  of  this  machine  in 
coal  mining  is  in  the  construction  of  brattices.     In  December  1918 
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an  explosion  occurred  in  one  of  the  mines  of  the  New  River 
and  Pocahontas  Coal  Company  at  Havaco.  West  Virginia,  which 
destroyed  about  235  brattices.  These  brattices  were  rebuilt  by 
piling  up  mine  gob  and  covering  the  same  with  a  coat  of  Cement 
Gunmortar.  When  completed  it  was  found  that  the  new  brattices 
showed  a  saving  of  about  thirty  per  cent,  in  the  amount  of  air 
that  was  being  pumped  into  the  mine  to  keep  the  gauge  at  the 
same  level  as  before  the  explosion.  This  is  due  to  the  air-tight 
qualities,  and  the  results  mean  a  great  saving  in  operation 
costs. 

c;  Another  very  interesting  use  of  this  machine  was  in  the  lining 
of  the  shaft  of  the  Anaconda  Copper  Company,  as  described  in  the 
Bulletin  of  the  American  Society  of  Mining  Engineers  in  March 
1918.  Tests  are  reported  on  the  fireproof  qualities  of  this  mortar 
which  are  very  remarkable.  This  company,  as  well  as  the  Butte 
and  Superior  Company,  are  using  the  Cement  Gun  very  extensively 
in  coating  the  walls  of  their  entries  as  a  seal  against  the  extreme 
gas  conditions  so  marked  in  the  past 

'  Inasmuch  as  so  many  of  the  conditions  are  demanding  the 
preservation  of  our  slopes  and  shafts  against  fire  it  would  seem 
well  for  us  to  give  this  machine  the  fullest  consideration.,  and 
especially  in  the  case  of  any  new  shaft  or  slope  will  it  offer 
especial  advantages  because  its  use  will  assure  a  permanent 
lining  at  greatly  reduced  cost  and  at  a  great  saving  in  the  area 
of  excavation." 

Certain  data  kindly  furnished  me  by  Messrs.  S.  E. 
Andrews  and  T.  C.  Clarke  regarding  the  use  of  the  gun 
for  canal  linings  may  be  applicable  to  mining  in  this 
country-,  as  their  tests  were  carried  out  in  Central  India- 
The  results  work  out  as  follows :  — 
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Item. 

Cost  per  sq.  ft, 

Cement 

.  .     Rs.  -1730 

Sand 

.,     -0065 

Reinforcing  mesh 

.,    '0595 

Air    .. 

„    -0145 

Labour  including  supervision 

„    -0090 

Interest  and  depreciation     . . 

.,    -0075 

Total 

Rs.  -2700 

Deducting  reinforcement 

„    -0595 

Cost  per  square  foot  (without  reinforcing)    Rs.    21c. 

Owing  to  the  roughness  of  the  canal  banks  the  thick- 
ness of  the  concrete  layer  varied  between  i|"  to  3 Y,  the 
average  being  therefore  z\" .  For  protecting  shale,  etc., 
from  weathering  f"  is  sufficient,  so  that  one-third  of  the 
above-mentioned  thickness  would  be  adequate.  The  cost 
of  cement  at  the  canal  site  was  Rs.  24  per  cask  or  Rs.  6  per 
sack ;  thus,  neglecting  the  reinforcing  which  would  not  be 
necessary  for  fissures  and  coating,  the  estimate  would 
work  out  at  one-third  of  Rs.  *2io,  viz.  Rs.  -07  per  square 
foot.  The  cement  used  in  this  test  was  of  Indian  manu- 
facture ;  lime  was  burned  near  the  site,  and  the  sand  was 
from  Bajri,  of  good  quality  and  fairly  free  from  dirt.  It 
may  be  of  interest  to  note  that  in  the  canal  four  mixtures 
were  used  and  the  cost  per  running  foot  with  a  contour  of 
20  feet  worked  out  as  follows  : — 


Cement. 

Lime. 

Sand. 

Cost  in  Rupees 

1 

0 

4 

5'40 

1 

2 

7 

432 

1 

4 

9 

375 

1 

3 

10 

3'23 

The  second  mixture  appeared  to  be  the  most  satisfac- 
tory as  it  set  rapidly,  became  extremely  hard  and  seemed 
to  be  impervious  to  moisture. 
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This  brief  note  onh-  touches  the  fringe  of  a  subject  in 
connection  with  the  increasing  use  of  concrete  in  mining 
operations.  It  is  by  no  means  unlikely  that  the  lining  of 
shafts  will  prove  more  economical  by  reinforced  concrete 
than  by  present  methods,  although  the  effect  of  con- 
traction, due  to  the  varying  conditions  in  mining,  are 
much  more  evident  than  in  the  case  of  surface  operations. 
This  will,  I  have  no  doubt,  ultimately  necessitate  special 
attention  on  the  part  of  the  mining  engineer  of  this  coun- 
try. 

The  President  remarked  that  there  was  no  doubt  that 
if  the  expense  did  not  assume  too  great  dimensions,  there 
would  be  a  future  in  Indian  minine  work  for  the  cement 
gun.     It  would  certainly  prevent  pillar  robbing. 

Mr.  P.  S.  Keelan  suggested  that  the  application  of 
the  cement  gun  might  be  considered  in  the  sinking  of 
shafts  through  the  alluvial  ground  covering  the  eastern 
extension  of  the  Raniganj  coalfield. 


The  President,  in  the  absence  of  the  author,  then  read 
Mr.  J.  Thomas's  "  Xote  on  the  Correlation  of  the  Gan- 
dudih,  Dhariajoba  and  West  Godhur  Seams,  Jharia  Coal- 
field." 


Note  on  the  Correlation  of  the  Gandudih, 

Dhariajoba  and  West  Godhur  Seams, 

Jharia  Coalfield. 

BY 

J.   Thomas. 

(With  one  Plate.) 

The  highest  seam  worked  at  Gandudih  and  West 
Godhur  is  claimed  by  some  to  be  Xo.  9  seam  and  they  con- 
sider that  Xo.  10  seam  outcrops  in  Dhariajoba.  The  Col- 
lieries claim  that  they  are  working  Xo.  10  seam  at  Gand- 
udih, and  that  the  lowest  seam  outcropping  at  Dhariajoba 
is  Xo.  11.  Considerable  time  has  been  spent  in  working 
out  the  relationship  of  these  seams  to  the  seams  above. 
Practically  even*  incline  and  shaft  in  the  vicinity,  includ- 
ing Dhariajoba  (S.  X.  Pal),  Busseriya  and  the  northern 
portion  of  Kendwadih  collieries,  has  been  visited.  As  the 
seams  above  Xo.  10  are  well  known  in  the  locality,  it  was 
decided  to  take  Xo.  13  as  a  basis  and  work  downwards 
through  the  succession  to  Xo.  9,  i.e.  from  south  to  north, 
the  strike  of  the  seams  being  east  and  west. 

The  plan  (PI.  5)  shows  the  outcrops  of  seams  in 
Dhariajoba,  Gandudih  and  West  Godhur,  and  a  section 
has  been  drawn  from  Xo.  1  Pit  Kendwadih  to  the  out- 
crop of  the  highest  seam  worked  at  Gandudih.  Xo.  1  Pit 
Kendwadih  passes  through  the  following  strata: — 
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No.  13  seam 


18  feet. 


Intervening  strata. .  ..  94J   ,, 

Arenaceous  clay     . .  . .  . .       8  to  14  feet. 

Xo.  12  seam  .  .  .  .        12  feet. 

Intervening  strata. .  ..  . .          5  feet. 

Xo.  it  seam  ..  ..  iSJ  feet. 

Xo.  5  diamond  bore-hole,  Kendwadih,  situated  near 
the  south-western  corner  of  Dhariajoba,  gave  the  following 

section: — 

Xo.  12  seam  . .  .12  feet. 

Intervening  strata  . .  . .  5  feet. 

Xo.  11  seam  . .  . .        18  feet. 

Intervening  strata  ..  ..      117  feet. 

coal,  28|  feet. 
No.  10  seam  . .       J  sandstone.  8  feet. 

/  coal,  i6|  feet. 

A  table  showing  the  relation  of  Nos.  11  and  12  seams 
from  Alkusa  on   the  east  to   Ekra  on  the  west  is  shewn 

below : — 

(S.  B.  Raha     Xo.  1  Pit.     (Bore  hole) 
and  Sons) 

Alkusa.     Godhur.     Kendwadih.  Busseriya.  Ekra. 

Xo.  12  seam               12             12                   12  12  12 

Intervening  strata  4  to  6      6-7              8-14  16  17 

No.  11  seam               22             20                   i8|  18  22 

Xo.  12  seam  has  therefore  a  very  uniform  thickness, 
Xo.  11  varies  a  little,  but  the  intervening  strata  thicken 
considerably  westwards.  The  figures  shewn  in  the  above 
table  are  too  convincing  to  be  ignored.  The  recognition 
of  No.  12  seam  in  this  locality  is  not  a  difficult  matter 
especially  when  taken  in  relation  to  the  seam  below,  consi- 
dering that  it  is  separated  from  Xo.  13  seam  by  nearly  100 
feet  of  strata  and  that  Xo.  11  seam  is  over  100  feet  above 
No.  10. 

In  Dhariajoba   seams  Nos.    11   and   12   repeat    their 
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out-crops  (see  plan).  No.  i  incline,  Dhariajoba,  exposes 
No.  12  seam  with  12  feet  of  coal  overhang  8  feet  of  an 
arenaceous  clay  rock  which  thickens  to  the  dip.  Below 
this  we  have  No.  11  seam,  18  feet  thick. 


Further  north  in  Dhariajoba  two  other  outcrops  of 
coal  occur.  First  a  12-foot  seam,  then  5  feet  of  cla5r- 
rock  followed  by  17J  feet  of  coal.  The  similarity  of  this 
section  to  that  of  No.  1  incline,   Dhariajoba,  is  striking 
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and  immediately  suggests  a  repetition  of  outcrops.  The 
contrast  to  the  thicker  coal  of  Xo.  10  seam  is  also  very 
pronounced.  We  are  therefore  led  to  the  conclusion  that 
a  fault  exists  throwing  down  the  seams  to  the  north  or  rise 
side. 

At  a  distance  of  600  feet  down  in  Xo.  11  seam  (incline 
Xo.  2)  at  Dhariajoba  a  fault  has  been  passed  through, 
showing  on  the  dip  side  28J  feet  of  coal — the  upper  portion 
of  No.  10  seam.  A  trial  shaft  in  this  section  passes  through 
the  sandstone-parting  into  the  lower  portion  of  Xo.  10 
seam.  Xo.  n  seam  has  been  dropped  until  its  roof  is  3  feet 
below  that  of  Xo.  10.  It  has  been  stated  that  the  fault  is 
a  small  one  and  that  the  same  seam  occurs  on  both  sides. 

The  disturbed  zone  is  less  than  40  feet  wide  and  in 
this  distance  we  have  to  account — if  the  above  contention 
is  correct —for  the  disappearance  of  5  feet  of  strong  argilla- 
ceous rock,  12  feet  from  the  roof  of  the  upper  seam,  the 
appearance  of  8  feet  of  sandstone  28 \  feet  below  the  roof, 
and  the  sudden  thickening  of  strata  from  34  to  53  feet. 
Thus  we  find  that  a  small  fault  cannot  account  for  such  a 
change  in  the  same  seam,  and  we  are  bound  to  accept 
another  theory,  viz.  that  a  lower  seam  has  been  proved. 

Following  the  line  of  section  northwards  into  Gan- 
dudih  another  outcrop  occurs,  the  section  being: —    » 

Coal  . .  30  feet. 

Sandstone   . .  . .       5    ,, 

Coal  . .  . .       9  to  10  feet. 

The  character  of  this  seam  is  typical  of  Xo.  10  with  its 
numerous  partings  of  shale,  and  its  division  into  two  sec- 
tions by  a  thick  band  of  stone  nearly  30  •  feet  from  the  roof. 
It  is  also  very  similar  to  Xo.  10  seam  at  Alkusa  and 
Busseriya  on  the  east  and  west  respectively. 

The  shaft  near  the  dip  of  Gandudih  touches  the  coal 
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at  101  feet.  This  thickness  together  with  that  of  the 
strata  between  the  shaft  and  the  seam  worked  at  Dharia- 
joba compare  very  favourably  with  the  distance  between 
seams  10  and  n.  The  section  of  the  seam  on  the  dip  side 
of  the  fault  at  Dhariajoba  is  also  practically  the  same. 

All  the  data  collected  point  cleaily  to  one  conclusive 
fact,  namely,  a  strike  fault  cutting  across  Dhariajoba  with 
a  downthrow  on  the  rise  side  of  about  120  feet  and  situated 
between  the  outcrops  of  Nos.  11  and  10,  thus  dropping 
Xo.  11  seam  to  practically  the  same  level  as  10  and  dupli- 
cating the  outcrops  of  11  and  12  with  No.  10  cut  off  by  the 
fault.  The  position  of  No.  10  seam  below  No.  11  on  the 
north  of  the  fault  agrees  with  the  level  it  should  occupy 
if  the  grade  of  the  Gandudih  seam  continues,  and  this  is  a 
natural  deduction  from  facts  proved. 

It  is  already  admitted  that  the  seam  worked  at  West 
Godhur  is  the  same  as  that  worked  at  Gandudih,  but  now 
that  it  has  been  shewn  that  the  latter  collier}'  is  working 
No.  10  seam,  it  becomes  necessary  to  prove  the  extension 
of  this  seam  eastwards.  The  plan  (PI.  5)  shows  the 
workings  of  Gandudih  below  the  tank.  West  Godhur  has 
avoided  the  tank  and  the  workings  are  to  the  dip.  An 
incline  on  the  tank  bund  at  the  latter  mine  shows  the  seam 
under  40  feet  of  cover ;  thus  the  seam  outcrops  in  the 
tank.  Surface  indications  also  point  to  a  continuous  out- 
crop from  Gandudih.  At  West  Godhur  the  outcrop  of 
No.  10  seam  is  cut  off  sharply  in  incline  B  b}'  a  transverse 
fault  which  throws  up  the  coarse  sandstone  roof  of  a 
lower  seam  against  the  coal  of  No.  10. 

From  Raha's  Godhur  Colliery  the  outcrop  of  No.  10 
seam  can  be  traced  into  the  cutting  west  of  Knsunda 
station,  but  here  it  disappears.  The  West  Godhur  shaft 
touches  the  coal  at  115  feet.    The  section  is  31  \  feet  of  coal, 


1921.]       THE   GANDUDIH    AND    W.    GODHUR    SEAMS  73 

3  feet  3  inches  of  hard  clay,  12  feet  3  inches  of  proved 
coal  (more  coal  occurs  below).  The  roof  of  the  seam  is  a 
strong  grey  clay.  In  the  cutting  the  seam  has  a  loose  brown 
shale  roof  but  this  is  the  weathered  product  of  the  grey 
clay.  Between  the  shaft  and  the  outcrop  in  the  cutting 
a  fault  evidently  exists,  and  this  no  doubt  is  a  branch  of  the 
Dhariajoba  fault.  We  have  then  two  faults— a  strike  fault 
and  a  dip  fault — lowering  No.  10  seam  en  bloc  at  West 
Oodhur  about  120  feet.  The  outcrops  of  Nos.  11  and  12 
seams,  followed  eastwards,  will,  I  believe,  be  found  to  be 
cut  off  by  the  strike  fault  at  a  very  acute  angle. 

To  avoid  confusion  No.  10  seam  is  considered  to 
consist  of  two  main  sections,  the  sequence  comprising  about 
30  feet  of  coal,  3  to  S  feet  of  sandstone  and  9  to  16  feet  of 
coal.  This  is  the  nomenclature  adopted  by  Kustore, 
Kusunda  Nayadee,  and  Alkusa.  The  Dhansar  seam  be- 
hind Nayadee  thus  becomes  No.  9  seam.  A  comparison 
of  this  section  with  Gandudih  Xo.  9  (the  bottom  seam 
worked  there)  also  shows  a  close  resemblance  : — 

Dhansar.  Gandudih. 


Roof. .  .  .Hard  sandstone.  Hard  sandstone. 

Dull  coal  . .  10  . .  . .  7 

Soft  purple  mudstone  2  . .  . .  2 

Hard  coarse  coal    . .  18  . .  . .  13 

Conclusions : — 

Gandudih  and  West  Godhur  are  working  Nos.  9  and 
10  seams  and  Dhariajoba  Nos.  11  and  12  seams  on  the 
north  of  the  fault  and  No.  10  seam  on  the  dip  side. 

DISCUSSION. 

Mr.  F.  B.  Foster  said  that  at  the  time  the  fault  in 
Dhariajoba  was  met  and  driven  through  in  1905,  it  was 
taken  to  be  the  top  section  of  No.  10  seam  that  had  been 
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driven  into  from  the  bottom  section  on  the  rise  side  of  the 
fault,  the  class  and  quality  of  the  coals  coinciding.  No. 
2  Incline  (now  called  No.  i)  was  working  Nos.  n  and  12 
seams  ;  No.  12  was  not  extensively  worked,  and  operations 
were  stopped  during  his  management  owing  to  the  coal 
being  water-marked  and  inferior,  but  No.  11  seam  (18  feet 
thick)  was  developed,  and  proved  to  be  quite  a  different 
quality  of  coal  from  that  worked  in  No.  1  Incline  (present 
number).  No.  9  seam  cropped  out  in  Gandudih  and  was 
worked  as  such  during  the  time  he  was  at  Dhariajoba. 
This  outcrop  is  traceable  from  Bansjora  and  Godhur.  A 
considerable  time  had  gone  by  and  he  had  unfortunately 
lost  the  notes  taken  at  the  time  of  the  opening  out  beyond 
the  fault,  and  the  sinking  of  the  air  shaft  to  the  dip,  so  he 
was  not  sure  of  the  thickness  of  the  coal  met  with  on  the 
dip  side  of  the  fault  in  No.  10  seam,  Dhariajoba.  One 
thing  which  he  did  remember  was  that  whereas  No.  10 
seam  was  an  exceedingly  hard  cutting  coal  with  the  excep- 
tion of  the  bottom  4  feet,  No.  11  was  the  reverse,  and 
miners  used  to  require  no  coaxing  to  work  it.  The  work- 
ing of  No.  9  seam  was  stopped  at  that  time  as  there  was  no 
market  for  it.  He  was  of  opinion  that  the  coal  worked 
from  the  present  No.  2  Incline  is  No.  10  seam  and  not 
Nos.  11  and  12. 

Mr.  R.  R.  Simpson  said  that  the  object  of  Mr. 
Thomas'  note  was  to  prove  that  the  main  seam  worked 
at  Gandudih  is  No.  9  seam  and  not  No.  10  as  shown  on 
the  new  map  of  the  Jharia  coalfield.  The  writer  has 
based  his  conclusion  on  the  similarity  of  the  sections  of 
the  Gandudih  main  seam  and  No.  10  seam  where  the 
latter  has  been  mined  extensively  and  is  well  known.  He 
assumes  that  the  Dhariajoba  inclines  commence  in  No.  11- 
12  seam  and  pass  through  a  fault  with  a  throw  of  about 
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ioo  feet  which  brings  up  No.  ro  seam  almost  opposite  to 
No.  11-12  seam.  The  illustration  on  page  70  which  shows 
the  sections  of  both  seams  at  the  faulty  lends  strong  sup- 
port to  this  interpretation  of  the  facts.  This  view  was 
in  fact  accepted  until  just  before  the  completion  of  the 
revised  Jharia  map,  when  it  was  found  that  on  following 
the  Dhariajoba  outcrop  of  the  so-called  No.  11-12  seam 
into  Busseriya  on  the  west  and  Godhur  on  the  east  they 
joined  up  with  the  outcrop  of  Xo.  10  seam.  The  theory 
was  then  abandoned  and  it  was  assumed  that  the  Dharia- 
joba inclines  must  be  in  Xo.  10  seam  from  the  outcrop  to 
their  farthest  extension,  and  that  the  fault  must  have  a 
downthrow  to  the  south  of  not  more  than  20  feet.  He 
(Mr,  Simpson)  had  intended  to  examine  the  sections  at  the 
fault,  and  had  arranged  for  a  road  to  the  place  to  be  cleared 
(the  inclines  being  then  shut  down),  and  the  section 
exposed,  but  fell  ill  and  afterwards  went  on  furlough  to 
England.  Mr.  Thomas,  however,  did  examine  the  sections 
and  has  given  us  the  measurements  which  he  took. 

The  facts  on  which  his  (Mr.  Simpson's)  opinion  of  the 
matter  at  issue  is  based  were  as  follows.  Commencing 
from  Xayadi  (see  PI.  6,  right-hand  bottom  corner), 
where  Xo.  10  seam  is  well  known,  the  outcrop  of  the  seam 
can  be  traced  continuously  by  inclines  and  workings  as 
far  as  Kusunda  station,  E.I.R.,  where  it  is  about  1,000 
feet  south  of  the  outcrop  of  the  main  seam  worked  at 
West  Godhur,  which  Mr.  Thomas  calls  Xo.  10  seam.  The 
West  Godhur  workings  have  been  driven  600  feet  to  the 
dip  and  within  400  feet  of  Godhur  Xo.  10  seam  inclines, 
but  at  a  depth  of  about  100  feet.  Xeither  in  the  workings 
nor  on  the  surface  is  there  any  sign  of  the  strike  fault 
which  must  occur  if  these  are  one  and  the  same  seam. 
On  the  contrary  the  strata  exposed  in  the  railway  cutting 
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west  of  Kusunda  show  a  normal  dip,  and  carbonaceous 
shales,  which  presumably  represent  No.  10  seam,  can  be 
traced  for  some  distance,  heading  directly  for  the  Dharia- 
joba  outcrop. 

Commencing  again  from  Nayadi,  No.  9  seam  outcrop 
can  be  seen  about  1,000  feet  east  of  No.  10  seam.  Going 
north-west  the  outcrop  passes  through  low-lying  paddy 
land,  and  cannot  be  seen,  but  a  trial  pit  put  down  recently 
by  Messrs.  S.  B.  Raha  and  Sons  proved  30  feet  of  coal 
under  50  feet  of  cover  at  a  point  about  midway  in  the 
broken  line  by  which  the  seam  is  represented  on  the  map. 
At  West  Godhur  the  seam  has  been  worked  and  its  out- 
crop can  be  traced  by  strata  underlying  the  seam  until  it 
joins  up  with  the  so-called  No.  10  seam  at  Gandudih.  At 
West  Godhur  the  seam  appears  to  split  into  two  sections, 
and  in  Gandudih  the  lower  section  is  called  No.  9  seam 
and  the  upper  section  No.  10  seam.  Where  the  split  oc- 
curs there  is  a  fault.  This  fault  has  been  proved  in  West 
Godhur  Colliery  workings,  but  it  cannot  account  for  the 
presumed  identity  of  the  West  Godhur  and  Godhur  seams. 
Its  throw  is  obscure  and  its  continuation  south  of  the 
E.  I.  Railway  line  doubtful,  but  presumed  on  account  of 
the  disturbed  strata  in  one  of  the  Godhur  inclines. 

Passing  westward  from  the  Dhariajoba  inclines  there 
is  a  gap  on  the  eastern  side  of  Busseriya,  but  the  outcrop 
appears  to  head  directly  for  the  outcrop  of  the  seam 
worked  in  Busseriya  as  No.  10  seam.  The  western  con- 
tinuation of  the  Gandudih  seam  is  not  worked  in  Busseriya 
and  little  is  known  about  it. 

Mr.  Thomas'  correlation  of  the  seams  is  based  en- 
tirely on  similarity  of  sections,  and  he  has  perhaps  not 
recognized  how  similar  are  the  sections  of  Nos.  9,  10  and 
ri- 1 2  seams  in  this  area  and  how  frequently  changes   of 
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the  sections  take  place.  Experience  in  Jharia  has 
shown  that  correlations  based  on  sections  of  coal  seams 
are  unreliable.  One  of  the  most  striking  facts  which  the 
revision  of  the  map  has  brought  out  is  the  extraordinary 
manner  in  which  the  coal  seams  and  associated  strata  vary 
in  thickness  within  short  distances,  and  how  frequently 
seams  split  up  or  come  together.  The  new  map  will  be 
available  very  shortly,  and  he  was  in  hopes  that  some  of 
our  members  would  take  it  as  a  guide,  and  make  a  special 
study  of  the  correlation  of  the  seams.  It  was  largely  a 
matter  of  surveying  and  precise  measurement  of  sections. 
He  recommended  such  studies  particularly  to  our  younger 
members.  They  would  find  them  a  fascinating  exercise, 
and  results  might  be  obtained  which  would  have  financial 
importance.  One  of  the  most  interesting  results  of  the 
revision  of  the  Jharia  map  has  been  the  recognition  of 
the  seam  which  crops  out  near  Jharia  station-  -formerly 
known  as  No.  10  seam — as  actually  No.  11-12  seam.  This 
correlation  resulted  in  a  great  appreciation  of  the  value 
of  coal  properties  in  this  area,  and  put  many  lakhs  of 
rupees  into  the  pockets  of  those  who  first  appreciated  the 
facts  and  were  first  in  the  rush  for  the  acquirement  of 
coal  lands  in  the  locality.  This  one  discovery  alone  has 
proved  that  the  expenditure  on  the  preparation  of  the 
new  map  was  money  well  spent. 

Mr.  Simpson,  concluding,  said  he  had  wandered  some- 
what far  from  the  subject  under  discussion,  but  in  conclu- 
sion he  would  like  to  say  to  those  who  may  propose  taking 
up  correlation  work  in  the  Jharia  coal-field  that  the  most 
promising  problems  are — the  correlation  of  the  seams  at 
Sudamdih  with  those  at  Bhowra  and  south  of  the  Damuda 
river ;  the  identification  of  the  seams  at  Katras  with  those 
on  the  Jamuni  river  ;  the  Tetulmuri-Bansjora-Gararia  out- 
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crops ;  Pnd  the  tracing  of  the  limits  of  the  burning  of  coal- 
seams  by  igneous  intrusions.  A  careful  study  of  the  latter 
problem  may  lead  to  the  discovery  of  valuable  areas  of 
workable  coal  which  at  the  present  time  are  considered  to 
be  worthless. 


Mr.  E.  H.  Roberton  then  read  his  paper  on  a  "Pro- 
posed method  of  working  a  Highly  Inclined  Thick  Seam 
of  Coal." 


Proposed  Method  of  Working  a  Highly 
Inclined  Thick  Seam  of  Coal. 

BY 

E.   H.  Roberton. 

(With  seven  Plates.) 

The  chief  difficulty  which  mining  engineers  in  India 
encounter  in  attempting  to  work  highly  inclined  seams  is 
the  attitude  of  the  labour.  The  coal  cutters  refuse  to 
cut  the  coal  uphill,  and  the  kamins  will  not  carry  coal 
downhill.  The  latter  reason  is  not  very  serious,  as,  if  the 
seam  is  sufficiently  steep,  the  coal  will  gravitate  down  to 
the  levels  in  chutes  ;  but  the  former  is  vital,  and  precludes 
the  operation,  at  any  rate  for  the  present,  of  any  of  the 
recognised  methods  of  overhand  working  of  the  seam. 
Working  downwards,  or  underhand,  prevents  any  attempt 
at  stowing  being  made,  and,  in  any  case,  carrying  coal 
uphill  on  the  heads  of  kamins  is  not  economical. 

For  the  working  of  a  highly  inclined  thick  seam  the 
writer  at  the  request  of  a  well-known  firm  has  evolved  a 
method  which  will  meet  the  idiosyncrasies  of  the  labour. 
The  method  proposed  appears  to  be  economical  and 
desirable  in  other  ways.  Except  for  the  development 
work,  which  will  itself  be  either  on  the  level  or  downhill, 
all  the  working  will  be  on  the  level.  The  miner  will  drill 
shot-holes  in  a  straight  up-and-down  face,  and  the  coal 
when  brought  down  will  be  carried  by  kamins  on  prac- 
tically level  ground  to  the  tub.     The  entire  thickness  of 
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the  chosen  stratum  of  coal  will  be  extracted,  no  barriers 
being  left  for  shafts  or  roads. 

The  writer  is  encouraged  to  place  an  account  of  this 
proposed  method  of  working  before  the  Institute,  as  he  is 
of  opinion  that  it  could  be  utilised  with  advantage  for  the 
working  of  the  highly  inclined  thick  seams  in  the  coal- 
fields to  the  west  of  Jharia.  While  it  would  be  suitable 
for  inclinations  of  45  °,  or  even  a  little  less,  it  becomes 
easier  and  safer  to  work  as  the  steepness  of  the  seam 
increases.  The  only  accessory  required  is  a  river-bed 
with  plenty  of  sand,  or  a  thick  gravel  or  mtitti  deposit, 
in  the  vicinity. 

The  working  the  writer  proposes  is  virtually  that  of 
retreating  long-wall,  utilising  imported  packing.  In  the 
present  case  the  packing  will  be  river  sand  brought  from 
the  Damuda  close  by.  The  average  dip  of  the  seam  is 
taken  as  500.  The  upper  20  feet  (about)  only  of  the  seam 
will  be  worked,  but  the  inclined  shafts  and  levels  will  be 
driven  in  the  lower  part  of  the  seam.  By  this  means  the 
shafts  and  levels  will  be  unaffected  by  the  subsidence  of 
the  strata,  and  need  not  be  protected  by  barriers,  so  that 
the  upper  20  feet  will  be  entirely  extracted.  The  levels 
will  be  100  feet  apart,  measured  vertically,  and  the  winzes 
about  150  feet  apart.  The  winzes  will  be  driven  11  feet 
wide  and  6  feet  high  in  the  floor  part  of  the  20  feet  that 
is  to  be  extracted,  and  will  be  constructed  by  driving  a 
"crut"  or  cross-level  from  the  haulage  level  to  the  floor 
of  the  "20  feet,"  and  then  down  the  full  dip  of  the  seam 
for  a  vertical  distance  of  100  feet.  The  winzes  should  be 
offset  by  say  15  feet  from  each  other,  so  that  any  runaway 
tubs,  men,  stones,  tools,  etc.,  will  only  have  the  distance 
of  one  winze  to  run  or  slide  down  before  being  pulled  up 
(see  pis.  7  and  8). 
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Ventilation  will  be  effected  by  connecting  the  bottom 
of  a  winze  to  the  offset  crut  from  the  lower  level.  Before 
commencing  extracting  the  full  20  feet  the  bottoms  of 
consecutive  winzes  may  be  joined  up  by  a  level  road  6'  x  6' 
driven  along  the  floor  of  the  "  20  feet."  This  will  cause 
a  through  draught  to  clear  away  powder  smoke  quickly. 
The  coal  will  then  be  extracted  to  the  full  20-feet  width, 
beginning  at  the  bottom  of  a  winze,  and  taking  lifts  off 
in  both  directions.  The  best  thickness  for  each  lift  will  be 
found  out  in  practice,  but  the  writer  would  imagine  that 
4^  feet  would  probably  work  out  well.  The  coal  will  be 
brought  down  by  boring  6-feet  shot-holes  across  the  20-feet 
face  in  the  4J  feet  coal  canch  left  after  the  last  blast, 
and  bringing  the  coal  down  by  means  of  gunpowder. 
Thus  each  blast  will  bring  down  a  canch  of  coal  20ft.  xbft. 
x  4^f t. — about  20  tons.  This  will  be  loaded  away  into 
tubs,  which  will  be  taken  up  the  winze  to  the  level  above. 
These  operations  are  illustrated  in  plates  9,  10  and  11. 

The  vacant  space  left  by  the  worked-out  coal  will  be 
filled  with  sand-packing  in  such  a  way  that  the  space 
between  the  coal  face  and  the  sand  will  be  about  4^  feet. 
Props  from  4!  feet  to  9  feet  long  will  be  used  to  protect 
the  workmen  from  accidental  falls  of  coal.  These  will  be 
left  in  after  a  lift  is  finished,  and  will  be  removed  from 
below  the  coal  which  it  is  desired  to  shoot  down  just 
before  the  shots  are  fired.  Substantial  sole-pieces  for  the 
props  to  get  a  good  bearing  on  the  sand  will  be  necessary. 
The  roof  (or  hanging-wall)  will  subside  on  to  the  packing. 
By  ramming  the  packing  the  subsidence  of  the  roof  will 
be  small,  and  by  keeping  it  "well  up,"  so  that  never 
more  than  eight  feet  or  so  of  roof  is  clear,  and  this  only 
for  a  short  time,  there  will  be  little  danger  of  roof-stone 
falling.     The  slope  of  the  sand,  and  therefore  of  the  coal 


82       TRANS.    MTNING    &    GEOL.    INST.    OF   INDIA.     [Vol.  XV 

face  overhead,  will  be  about  i  in  3^.  This  will  make  it 
easier  for  the  men  who  stand  on  the  sand  and  bore  the 
shot- holes. 

For  steeper  seams  a  flatter  inclination  of  coal  face 
and  packed  floor  may  be  adopted  (cf.  pis.  10  and  13)- 
When  the  seam  slopes  at,  say,  750  or  8o°  the  coal  face  may 
be  at  right  angles  to  the  roof  and  floor,  thus  doing  away 
with  the  "overhang,"  and  making  the  work  simpler  and 
safer. 

The  sand  from  the  river  will  be  brought  in  the 
ordinary  colliery  tubs  up  a  haulage  on  the  surface  worked 
by  a  compressed-air  motor.  All  the  inclined  shafts  in  use 
will  be  served  with  sand  by  a  tram-line  running  along  the 
line  of  outcrop.  Each  tub,  as  soon  as  it  is  emptied  of  its 
coal,  will  be  filled  with  sand,  and  sent  down  the  shaft. 
When  the  mine  is  in  full  working  order  the  number  of 
tubs  going  down  with  sand  will  nearly  balance  the  number 
coming  up  with  coal.  Theoretically,  fewer  cubic  feet  of 
sand  are  necessary  to  fill  the  space  left  by  the  worked- 
out  coal  than  the  space  taken  up  by  the  broken  coal. 
This  will  be  adjusted  in  practice  by  not  quite  filling  the 
tubs  with  sand.  Taking  the  weight  of  a  cubic  foot  of 
sand  as  100  lb.  (Damuda  sand  is  given  as  118  lb.),  and 
that  of  a  cubic  foot  of  broken  coal  as  66  lb.,  it  will  be 
seen  that  even  if  the  down-going  tub  is  not  quite  filled 
it  will  easily  over-balance  the  up-coming  tub.  Thus, 
when  the  mine  is  in  full  working,  the  winzes  will  be  self- 
acting,  and  the  inclined  shafts  also  for  most  of  their 
work.  A  hoist  will  be  needed  at  the  mouth  of  each 
inclined  shaft  for  the  hoisting  of  unbalanced  coal,  i.e.,  coal 
which  is  got  from  the  opening  out  of  inclined  shafts, 
levels,  cruts,  and  sinking  winzes.  The  tubs  destined 
for  these  places  must  be  empty.     When  the   mine   is  in 
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full  swing,  this  coal  will  be  a  small  fraction  of  the  total 
output,  most  of  which  will  be  hoisted  against  down-going 
sand.  The  simplest  way  of  raising  the  coal  from  a  sinking 
winze  (if  sunk  downward)  to  the  level  would  be  on  the 
heads  of  kamins.  It  obviously  would  be  better  and  cheap- 
er to  sink  the  winzes  up  the  slope,  if  a  few  units  of 
labour  can  be  introduced  who  are  willing  to  bore  shot- 
holes  uphill,  working  on  a  temporary  platform. 

In  the  foregoing  general  description  the  writer  has 
taken  20  feet  of  the  seam  as  the  thickness  to  be  worked. 
This,  of  course,  is  not  a  rigid  figure,  and  the  thickness 
worked  might  be  less,  or  even  more  than  20  feet,  which- 
ever thickness  is  found  most  practicable  Any  band  in 
the  coal,  or  a  well-defined  parting,  or  an  intrusion  of 
dyke  or  jhama  or  a  band  of  poor  quality  coal  might  well 
be  chosen  as  the  floor  of  the  portion  to  be  worked  out,  and 
would  determine  the  thickness  to  be  worked. 

As  the  inclination  of  the  seam  is  severe — over  450 — 
it  will  not  be  feasible  to  hoist  the  tubs  up  the  winzes  of 
inclines  on  their  own  rails,  as  is  done  at  the  steep  seam 
collieries  of  lesser  dip.  Light  special  cages  to  suit  the 
inclination  of  the  seam  will  have  to  be  constructed,  two 
for  each  working  winze,  holding  one  tub  each,  and  made 
in  such  a  way  that  the  tubs  can  run  straight  out  of  them 
into  the  crut  (see  pi.  9).  At  the  bottoms  of  the  winzes 
flat  sheets  may  be  placed,  and  the  tubs  run  on  tram- 
lines near  to  the  canch,  for  convenience  both  of  tipping 
the  sand  out  and  filling  up  with  coal.  This  is  not  shown 
in  the  sketch.  For  the  inclined  shafts  similar  cages  of  a 
heavier  type,  and  built  to  hold  two  tubs  each,  will  be 
necessary. 

As  the  depths  of  the  winzes,  measured  along  the  dip, 
will  decrease  by  about   4^    feet    as   each   lift    of  coal   is 


S4       TRANS.    MINING    &    GEOL.    INST.   OF   INDIA      [Vol.  XV, 

taken  off,  the  ropes  required  will  gradually  become  shorter 
and  shorter,  by  about  4^  feet  at  a  time.  This  difficulty  can 
easily  be  met  by  using  drums  of  16"  diameter.  As  the  winze 
shortens  by  j.J  feet  an  extra  turn  of  the  rope  on  the  drum 
will  be  just  about  right.  Small  adjustments  to  suit  the 
depth  of  the  winze  can  be  made  by  having  a  short  length 
of  large  linked  chain  attached  to  each  cage,  into  a  suitable 
link  of  which  a  spring  hook  at  the  end  of  the  rope  is 
placed.  Manilla  hemp  ropes  of  good  quality  will  in  all 
probability  do  for  the  winzes. 

The  cruts  are  to  be  made  8  feet  high  for  part  of  their 
length,  to  accommodate  the  pulleys  at  the  top  of  the 
winze,  and  the  brake-fitted  drum  for  the  self-acting 
apparatus.  They  should  also  be  n  feet  wide,  to  accom- 
modate two  lines  of  rails,  and  thus  act  as  a  local  siding. 
The  levels  need  therefore  only  to  have  a  single  line  of 
rails,  and  will  be  driven  8  feet  wide  Hand-tramming 
will  be  used,  so  that  the  levels  should  be  driven  as  truly 
level  as  possible.     This  is  also  necessary  for  drainage. 

A  barrier  of  at  least  100  feet  of  solid  coal  should  be 
left  at  the  surface  to  prevent  the  access  of  surface  water 
into  the  workings. 

The  development  work  will  be  accelerated  at  all 
costs.  The  inclined  shafts,  levels,  cruts,  and  winzes  will 
be  blasted  out  of  the  solid,  in  order  to  open  up  the  mine 
for  output  as  quickly  as  possible.  Punching  machines 
worked  by  compressed  air  will  be  used  in  every  place. 
The  compressed  air  will  be  used  to  operate  pumps  and 
hoists  where  needed,  and  for  ventilating  long  roads  that 
are  not  holed  through. 

Output  work  will  begin  from  the  3rd  level,  i.e.,  the 
coal  will  be  hoisted  up  the  winzes  to  the  cruts  of  the  2nd 
level.     This  gives  a  strip  of  over  200  feet  of  coal  up  to 
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the  first  level.  When  output  work  has  fairly  commenced, 
development  work  will  be  more  leisurely  carried  on  to  the 
levels  below.  Development  will  be  proceeded  with  to  the 
7th  level,  and  by  the  time  the  200-feet  strip  is  finished, 
output  work  will  begin  from  the  7th  level.  This  will 
give  a  strip  of  over  400  feet  in  width.  As  this  strip  is 
worked  out.  a  barrier  of  about  15  feet  will  have  to  remain 
uuworked  in  order  to  prevent  the  old  goaf  from  the 
300-feet  level  bursting  through  the  coal  face.  Meanwhile 
development  to  a  still  greater  depth  will  have  been  carried 
out. 

In  the  writer's  opinion  this  method  of  work,  with  a 
20-feet  coal  face,  could  be  carried  down  to  a  depth  of 
about  1 ,400  feet.  Below  this  depth  it  will  probably  be  found 
that,  owing  to  the  effect  of  pressure  in  the  slowly  retreating 
face,  a  narrower  coal  face  will  be  desirable  in  order  to 
increase  the  speed  of  the  retreat. 

DISCUSSION. 

The  President  said  that  the  paper  just  read  was  of 
very  great  interest  to  the  members  present,  and  remarked 
that  to  work  only  20  feet  of  a  60-feet  seam  appeared  at 
first  sight  rather  wasteful.  He  presumed  that  the  author 
had  some  scheme  in  his  mind  for  extracting  the  remain- 
ing 40  feet.  He  asked  Mr.  Argyle  to  open  the  discussion, 
and  to  compare  the  method  of  working  proposed  in  the 
paper  with  that  in  use  at  Chasnalla.  Some  remarks  on 
the  proposed  hydraulic  stowing  at  Chasnalla  would  be  of 
interest. 

Mr.  J.  B.  Argyle  said  that  he  also  would  like  to  know 
how  Mr.  Roberton  proposed  to  get  the  bottom  section  of 
the  coal.  The  present  method  of  working  the  thick  seam 
at  Chasnalla  Colliery  was  briefly  as  follows.     The  seam  is 


86       TRANS.    MINING  &   GEOL.    INST.    OF   INDIA.     [Vol.  XV, 

about  86  feet  thick  and  dips  at  an  angle  of  i  in  it.  Main 
haulage  roads,  called  main  dips,  are  driven  to  the  full  dip 
of  the  seam  on  the  pavement,  and  from  these  roads  levels 
are  opened  at  intervals  of  45  feet  measured  on  the  slope. 
This  gives  a  vertical  height  between  the  levels  of  about 
25  feet,  8  feet  of  which  is  taken  up  by  the  level  galleries, 
leaving  a  balance  of  17  feet,  and  8  feet  is  also  taken  up  in 
the  level  galleries  by  bottom  cutting,  leaving  9  feet  of  solid 
coal  between  the  levels  ;  this  is  left,  of  course,  to  bind  the 
pillars. 

From  off  the  level  road,  galleries  are  turned  at  40 
feet  centres ;  and  these  are  driven  level,  cross-cutting  the 
seam  until  they  reach  the  roof.  The  seam  being  86  feet 
thick  the  cross-cuts  are  160  feet  measured  from  the  floor  of 
the  seam  to  the  roof,  -so  that  five  galleries  can  be  driven 
off  the  cross-cuts  on  the  strike  of  the  coal  with  centres  of 
about  40  feet  apart.  The  reason  that  the  levels  are  only 
45  feet  apart  in  the  main  dips  is  to  enable  the  strike  gal- 
leries to  be  driven  one  above  another,  the  level  off  the 
main  dip  being  under  the  second  strike  gallery  above  it. 

There  are  man)'  disadvantages  to  this  method — 
amongst  others,  the  difficulty  in  keeping  up  development, 
and  especially  the  slowness  in  making  working  places  when 
a  new  level  has  been  reached ;  the  miners  do  not  like 
driving  the  cross-cut  galleries,  as,  whenever  a  shale  band  is 
reached,  the  whole  coal  face  is  rendered  extremely  hard 
and  it  is  sometimes  necessary  to  break  the  hard  band  with 
dynamite.  As  the  depth  increases,  it  becomes  necessary 
to  leave  larger  pillars  and  barriers  between  each  level. 

The  operation  of  this  coal  offers  an  attractive  hy- 
draulic stowing  proposition  on  account  of  the  high  rate  of 
dip.  Development  to  the  dip  must  however  be  carried 
on  whilst  stowing  is  in  progress  as  the  property  of  Chas- 
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nalla  is  large,  extending  over  a  mile  to  the  dip.  Here  the 
difficulty  will  be  in  deciding  the  amount  of  solid  coal 
which  must  be  left  to  carry  on  stowing  above  it,  inas- 
much as  it  will  have  to  support  the  weight  of  all  the  sand 
used  to  fill  up  the  goaf  to  the  rise,  especially  as  the  sup- 
port given  by  the  floor  of  the  seam  would  not  be  of 
very  much  help. 

Mr.  P.  S.  Keelan  asked  Mr.  Argyle  if  he  had  experi- 
enced roof  difficulty  in  driving  across  the  cleat  of  the 
coal.  He  himself  had  found  that  he  had  been  compelled 
to  use  a  great  deal  of  timber. 

Mr.  Ford  on  being  asked  by  the  President  to  contri- 
bute to  the  discussion  stated  that  his  experience  had  been 
in  the  direction  of  the  hydraulic  stowing  of  thin  seams 
rather  than  thick  ones,  but  said  that  the  chief  difficulty 
seemed  to  be  that  in  getting  the  second  20  feet  of  the 
coal. 

Mr.  Roberton  said  that  in  the  case  of  the  mine  re- 
ferred to  in  his  paper  the  centre  portion  of  the  seam  was 
jhama,  which  of  course  would  not  be  worked.  This  would 
ultimately  serve  as  the  roof  for  working  out  the  bottom 
section  of  the  coal.  There  was  no  reason,  however,  why 
the  method  described  should  not  be  utilised  to  work  out 
the  whole,  or  practically  the  whole,  of  a  clean  60-feet 
seam.  In  working  the  top  20  feet  as  described  to  a  con- 
siderable depth,  say  1,200  or  1,300  feet,  many  years  would 
elapse,  and  the  packing  at  the  higher  points  would  have 
time  to  consolidate  under  the  pressure  of  the  strata. 
This  consolidation  might  or  might  not  be  sufficient  to 
prevent  the  old  stowing  breaking  into  the  working  place 
during  the  extraction  of  the  second  20  feet.  It  should  be 
remembered  that  by  keeping   the  packing  well  up,   not 
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much  of  the  overhanging  stowing  would  be  exposed,  and 
even  if  it  broke  in,  it  would  stop  as  soon  as  it  had 
assumed  its  natural  angle  of  rest.  If  it  persisted  in 
breaking  in,  a  couple  of  feet  or  so  of  coal  would  have  to 
be  left  to  act  as  a  roof.  In  the  case  of  seams  tying 
nearly  vertical,  the  old  stowing  would  not  be  so  liable 
to  break  in. 

To  extract  the  second  20  feet  the  levels  and  eruts 
already  driven  would  do,  but  when  it  became  desirable 
to  extract  the  bottom  section  of  the  coal  new  shafts  and 
levels  would  need  to  be  driven  in  strata  below  the  bottom 
of  the  seam.  If  there  were  a  coal  seam  in  a  suitable 
position,  it  would  be  very  convenient  to  drive  the  shafts 
and  levels  in  it.  The  cruts  would  then  be  driven  across 
the  intervening  strata. 

Mr.  W.  S.  Elphinstone  asked  what  would  happen  to 
the  weight,  and  said  that  in  some  instances  great  trouble 
had  been  caused  by  thick  coal  pillars  in  a  steep  seam  slid- 
ing down  by  their  own  weight.  He  considered  that  a 
barrier  of  15  feet  would  be  insufficient  to  hold  back  the 
packed  goaf  above  it. 

The  President  asked  Mr.  D.  Sellers  to  give  to  the 
meeting  his  experience  at  Sowardih  colliery. 

Mr.  Sellers  said  that  the  dip  at  Sowardih  was  1  in  2, 
and  in  order  to  overcome  the  difficulty  of  getting  kamins 
to  carry  the  coal  up  connecting  galleries  driven  between 
the  levels  at  the  full  inclination,  all  the  workings  with  the 
exception  of  the  main  and  companion  dips  were  driven  at 
an  angle  of  about  45°  with  the  main  dip  direction.  This 
gave  an  inclination  of  about  1  in  4  or  1  in  5.  The  objection 
to  driving  them  in  this  way  was  that  it  leaves  very  weak 
corners  on  the  pillars  next  to  the  levels.     They  had  found 
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it  almost  impossible  to  get  any  labour  to  drive  connecting 
galleries  between  levels  either  to  the  rise  or  dip  on  the  full 
inclination  of  the  seam.  In  regard  to  the  method  men- 
tioned in  the  paper  just  read  of  raising  a  coal  from  a  sink- 
ing winze  to  the  level  on  the  heads  of  kamins,  he  was  of 
the  opinion  that  this  would  be  found  to  be  almost  im- 
practicable. 

Mr.  J.  Mackie  said  that  there  had  been  no  mention  as 
to  how  the  water  difficulties  would  be  met. 

Mr.  P.  S.  Keelan  said  that  at  Sudamdih  he  had  started 
a  system  of  driving  cruts  against  the  lay  of  the  coal  from 
roof  to  floor  and  had  experienced  difficulty  with  a  bad 
roof.  Also  that  he  considered  that  the  advantage  of  the 
counterweight  of  sand  against  coal  in  working  the  winzes 
was  over-estimated,  as  it  necessitated  labour  for  filling  on 
the  surface  and  handling  both  on  surface  and  underground 
and  that  it  appeared  to  him  that  the  ordinary  method  of 
sand  stowing  which  is  under  experiment  at  present  would 
prove  more  economical. 

Mr.  J .  B.  Wardlaw  said  that  taking  the  sand  down 
against  up-coming  coal  would  certainly  cheapen  the  cost  of 
power  production. 

Mr.  W.  Simmons  pointed  out  that  there  was  a  pro- 
posal to  abolish  female  labour  from  the  mines,  and  that 
if  such  were  the  case  difficulties  would  crop  up.  The 
tendency  should  be  to  replace  manual  labour  by  machines 
to  as  great  an  extent  as  possible. 

Mr.  L.  D.  Ford  suggested  leaving  a  timbered  chute  in 
the  packed  goaf  for  the  coal  to  descend  instead  of  being 
hoisted  up  a  winze. 

The  President  asked  Mr.  Ford  if  in  such  a  case  the 
timber  would  be  recovered. 
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Mr.  Ford  said  that  the  timber  used  would  be  lost, 
which  was  certainly  an  objection. 

Mr.  Roberton,  replying  to  Mr.  Elphinstone,  said  that 
in  this  case  the  coal  is  always  supported  by  props  resting 
on  the  stowing  beneath,  which  would  effectually  prevent 
the  coal  sliding.  In  the  case  of  the  barrier,  if  15  feet  were 
found  to  be  insufficient,  a  thicker  barrier  would  be  left. 

He  was  sorry  to  hear  Mr.  Seller's  opinion  that  the 
kamins  would  not  carry  the  coal  up  the  sinking  winzes  to 
the  levels.  If  they  could  not  be  persuaded  to  do  so,  some 
other  means  must  be  used.  They  certainly  would  not 
carry  it  downhill.  In  any  case,  this  represented  only  a 
very  small  portion  of  the  carrying  to  be  done,  by  far  the 
most  of  which  would  be  on  practically  level  ground. 

With  regard  to  the  water,  there  would  be  no  difficulty 
in  draining  it  to  the  incline  or  shaft  in  which  the  main 
pumps  were  working.  The  trouble  caused  by  the  coal- 
dust  and  grit  in  the  water  should  not  be  insurmountable. 

With  regard  to  Mr.  Simmons'  remarks,  it  was  prob- 
able that  if  female  labour  were  prohibited  in  the  mines 
other  collieries  would  be  affected  equally  with  the  steep 
seam  properties. 


Meeting  at  Jharia. 

Held  on  Monday,  September  13th,  1920. 

The  third  ordinary  general  meeting  of  the  Mining  arid 
Geological  Institute  of  India  was  held  at  the  Jharia  Club 
on  Monday,  the  13th  September,  1920,  at  10-30  a.m. 

Present: — Mr.  R.  R.  .Simpson,  President  (in  the  chair),  Messrs. 
J.  B.  Argyle.  K.  K.  Baksi,  R.  Barrowman,  S.  N.  Bhattacharjee,  H.  K. 
Chatterjee,  N.  G.  Chatterjee,  D  P.  Davies,  P.  B.  Davis,  B.  C.  De, 
L.  S.  Dholakia,  G.  Entwisle,  F.  B.  Foster,  J.  Mackie,  J.  Mason,  Bhu- 
paty  Mukherjee,  N.  N.  Mukherjee,  Jas.  E.  Phelps,  A.  D.  Robinson, 
E.  H.  Roberton,  A.  B.  Roy  Chowdhury,  H.  M.  Tarlton,  Dr.  G.  W. 
Thompson,  Messrs.  D.  D.  Thacker,  and  W.  Weir — Members. 

Messrs.  C.  Adamson,  S.  K.  Bauerjee,  K.  B.  Bhattacharjee.  J.  V. 
Bell,  B.  K.  Bose,  B.  A.  Collins,  J.  Foster,  W.  H  Goldsworthy,  F.  J. 
McDilory,  A.  Orr,  Thos.  H  Richardson,  C.  A.  Rayneau.  W.  Wallace 
and  F.  D.  Fullwood — Visitors. 

The  minutes  of  the  second  ordinary  general  meeting 
held  on  the  19th  July,  1920,  were  read  and  confirmed. 

The  President  in  introducing  Mr.  B.  A.  Collins  touched 
briefly  on  the  question  of  Mining  Lectures. 

Mr.  B.  A.  Collins  addressed  the  meeting  on  certain 
Government  proposals  regarding  lectures  for  the  Electrical 
and  Mechanical  Engineering  apprentices  of  the  coal-fields. 
He  enlarged  upon  the  great  industrial  advances  of  late  years, 
and  said  it  was  felt  that  the  time  had  arrived  to  institute 
some  scheme  of  lectures  for  Engineering  apprentices  in 
the  coal-fields,  on  the  lines  of  that  laid  down  for  the  Cal- 
cutta Technical  Institute.  He  requested  members  of  the 
Institute  to  express  their  opinion  as  to  whether  the  num- 
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ber  of  such  apprentices  would  be  sufficient  to  make  the 
scheme  a  workable  success.  He  pointed  out  that  techni- 
cal opinion  was  in  favour  of  such  a  course  of  lectures  being 
given  in  the  afternoons,  and  further  that  this  was  neces- 
sary as  the  Mining  lecture  halls  would  be  in  use  for 
practically  every  evening  in  the  week,  and  he  appealed  to 
employers  to  give  the  necessary  facilities  to  apprentices 
for  attendance  at  the  lectures.  Mr.  Collins  incidentally 
mentioned  that  the  lecture  halls  would  be  rebuilt,  and 
would  be  more  commodious  and  convenient  than  the  pre- 
sent structures. 


The  president  then  requested  Mr.  F.  L.  G.  Simpson 
to  read  a  preliminary  note  to  his  paper  on  "  Ventilation 
in  Mines,"  the  paper  itself  being  in  preparation. 

Mr.  F.  L.  G.  Simpson  then  read  the  preliminary  note. 


Preliminary  Note  on  the  Ventilation 
of  Indian  Mines. 

BY 

F.  L.  Q.   Simpson. 

When  I  invited  the  Agents  and  Managers  of  Indian  Col- 
lieries and  other  gentlemen  at  the  end  of  the  year  1919 
to  collaborate  in  the  preparation  of  a  paper  on  this  subject 
for  the  Mining  and  Geological  Institute  of  India,  the  objects 
of  the  paper  were  explained  in  a  circular  letter  which  I 
sent  round  as  far  as  possible  to  all  the  collieries.  This 
circular  and  the  ventilation  forms  A  and  B  which  accom- 
panied it  and  are  referred  to  therein  are  reproduced  in 
the  appendix.  These  forms  are  intended  to  embrace  all 
the  information  required  for  the  purpose  of  drawing  up 
the  comparative  statement  suggested,  but  any  additional 
information  or  suggestions  bearing  upon  the  subject  were 
asked  for,  and  the  paper  was  intended  to  be  the  joint 
production  of  all  collaborators  whether  members  of  this 
Institute  or  not.  At  the  time  of  issuing  the  forms  it  was 
expected  that  the  larger  collieries  would  be  able  to  have 
their  own  analyses  made,  but  it  has  since  been  found 
that  some  difficulty  exists  on  this  point  as  the  system  of 
regular  analyses  of  the  air,  in  the  way  it  has  been  done  in 
Europe  for  some  year  has  not  yet  become  the  practice  in 
India.  As  I  had  neither  time  nor  opportunity  to  discuss 
this  point  except  with  comparatively  few  gentlemen,  I 
requested  permission  to  put  up  this  preliminary  note  with 
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a  view  to  a  short  discussion  at  this  meeting  so  as  to  obtain 
as  many  suggestions  as  possible. 

Several  collieries  have  had  the  necessary  apparatus 
themselves  for  some  years,  and  several  others  propose  to 
obtain  it,  and  Messrs.  Bathgate,  Wardlaw  and  Argyle,  who 
are  amongst  those  who  already  possess  it,  have  very  kindly 
offered  to  allow  it  to  be  used  for  making  the  analyses  of 
air  from  other  mines  as  far  as  possible.  The  Institute  will 
feel  greatly  obliged  to  them  and  to  any  other  gentlemen 
who  will  assist  in  this  way,  as,  although  we  can  make  some 
very  useful  every-day  comparisons  without  analyses, 
these  are  really  the  ultimate  test  of  the  adequacy  of  the 
ventilation,  and  it  is  far  beyond  the  power  of  any  single 
effort  to  obtain  all   the  analyses  that  are  required. 

The  ventilation  of  mines  is  such  an  all-important  sub- 
ject that  it  is  somewhat  remarkable  that  no  paper  has 
so  far  appeared  in  the  Transactions  of  this  Institute,  and 
the  explanation  appears  to  be  that  the  ventilation  of  our 
Indian  mines  has  not  yet  on  the  whole  presented  as  much 
difficulty  as  has  been  experienced  in  the  mines  of  other 
countries.  This  has  been  due  to  the  fact  that  the  Indian 
collieries  have  so  far  been  comparatively  shallow  and  free 
from  firedamp  and  have  been  worked  b)^  a  large  number  of 
openings  from  the  surface,  so  that  the  ventilation  has  been 
more  or  less  simple  and  easy,  and  has  generally  been  accom- 
plished sufficiently  well  either  by  natural  means  or  by  the 
aid  of  the  heat  from  the  steam  pumps,  etc.,  or  by  small  fans. 
But  this  state  of  things  has  been  changing  during  the 
past  to  or  15  years  and  there  are  already  a  large  number 
of  mines  in  which  much  greater  depths  and  larger  areas 
have  been  attained  and  in  which  firedamp  and  underground 
fires  have  had  to  be  reckoned  with,  so  that  the  ventilation 
has  become  much  more  difficult. 
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In  these  deeper,  larger  and  more  difficult  collieries 
the  ventilation  has  more  or  less  kept  pace  with  the  neces- 
sity for  the  increased  quantity  of  air,  and  a  number  of  very 
good  installations  of  ventilating  plant  exist  in  various  parts 
of  the  country,  but  the  majority  of  mires  are  still  venti- 
lated without  the  aid  of  mechanical  ventilators,  simply  by 
the  heat  from  steam  pumps,  etc..  and  are  remarkably 
well  ventilated  considering  the  fluctuating  nature  of  this 
agent.  There  are  very  few  collieries  of  any  size  which  find 
themselves  now  able  to  exist  with  purely  natural  venti- 
lation. 

The  object  of  the  paper  which  we  propose  to  offer  to 
the  Institute  is  to  put  on  record  the  present  position 
of  our  Indian  collieries  in  regard  to  ventilation  as  compared 
with  those  of  the  other  mining  countries,  so  as  to  give  us 
some  idea  of  how  we  stand  and  what  we  have  to  do  to 
keep  abreast  of  the  times. 

The  comparison  cannot  be  made  merely  on  the  rela- 
tive number  of  mines  which  are  ventilated  by  mechanical 
means,  because  this  would  leave  out  of  account  the  case  of 
mines  which  obtain  good  ventilation  by  heat  from  steam 
pumps,  etc.,  and  of  which  there  are  quite  a  good  number. 
Upon  the  other  hand  it  has  to  be  remembered  that  this 
latter  means  is  not  so  certain  and  so  continuous  as  the 
former. 

The  comparison  must  therefore  be  based  upon  the 
relative  adequacy  of  the  ventilation  for  the  work  it  is 
required  to  perform,  and  this  may  be  put  under  the  follow- 
ing heads : — 

(a)  To  secure  the  safety  of  the  miners  and  of  the 

mine  itself ; 

(b)  To    secure    the    health,    comfort  and    working 

capacity  of  the  miners. 
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For  both  these  purposes  we  require  :— 

(a)  Proper  quantities  of  air  ; 

(b)  The  proper  distribution  of  air  ; 

(c)  Proper  temperatures ; 

(d)  Proper  humidity. 

Each  of  these  is  of  great  importance,  but  as  quantity  is 
generally  the  factor  which  governs  all  the  other  three  we 
must  consider  it  the  most  important.  But  distribution  is 
a  vital  point  and  bad  distribution  is  generally  the  root  of 
all  evil  in  a  mine,  and  most  of  our  greatest  accidents  from 
explosions,  underground  fires  and  suffocation  by  gases 
have  been  due  to  the  air  having  been  either  led  the  wrong 
way  round  or  not  led  to  the  places  where  it  was  required 
in  sufficient  quantity. 

Proper  temperatures  and  humidity  have  however  an 
important  bearing  both  on  the  health  and  power  of  the 
miner  and  on  the  safety  of  the  mine,  and  they  should  be 
regulated  to  suit  the  health  and  comfort  of  the  workmen  in 
various  countries,  and  generally  speaking  this  will  be  found 
the  best  for  the  safety  of  both  the  miner  and  the  mine. 
Humidity  is  a  very  important  factor  in  preventing  the 
formation  and  distribution  of  coal  dust  and  in  preventing 
explosions  of  coal  dust  in  other  ways  ,  within  certain  limits 
it  is  conducive  to  health  and  comfort,  but  a  wet  bulb 
temperature  of  80°  Fah.  is  about  the  limit  if  anywhere 
near  saturation.  Too  much  dryness  and  specially  high  dry 
temperatures  assist  the  formation  and  distribution  of  coal- 
dust  in  the  air,  and  assist  explosions  both  in  this  and  other 
ways. 

I  give  below  an  illustration  of  the  form  our  compara- 
tive statements  are  intended  to  take,  subject  to  such  modi- 
fications   as    may  be   found   necessary    on    receipt  of    the 
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suggestions  which  I  expect  from  the  gentlemen  who  are 
sending  in  the  forms.  This  illustration  is  a  comparison  be- 
tween a  small  Indian  colliery  ventilated  by  the  heat  from 
steam  pumps,  etc.,  a  fair-sized  Indian  colliery,  and  an 
English  colliery,  each  ventilated  by  centrifugal  fans.  The 
comparison  brings  out  some  very  interesting  points  and  it 
will  be  seen  that  the  two  Indian  collieries  attain  the  same 
degree  of  adequacy  as  the  English  colliery  at  a  considerably 
less  cost,  and  that  the  ventilation  of  the  smaller  Indian 
collier}'  is  simply  a  by-product  of  the  steam  pumping  plant. 
A  number  of  other  forms  have  been  filled  up  for  Indian 
mines,  some  of  them  much  larger  than  the  one  I  have  taken 
here,  but,  pending  the  making  of  the  analyses,  we  cannot 
tabulate  them. 

I  trust  members  will  come  forward  with  all  the  sugges- 
tions they  can  with  a  view  to  the  final  paper,  including 
anything  I  have  not  provided  for,  and  that  they  will  also 
do  all  they  can  to  give  us  the  analyses  of  air  when  filling 
in  their  forms. 

Even  where  analyses  cannot  be  given,  tests  with  the 
Thomas  Williams  or  the  Clowas  Hydrogen  lamp  for  fire- 
damp, and  with  Haldane's  tube  for  carbon  dioxide  and 
oxygen,  will  enable  us  to  tabulate  returns  which  we  should 
otherwise  be  obliged  to  leave  out.  I  have  already  made  a 
number  of  such  tests  in  the  Jharia  field  assisted  by  other 
gentlemen  with  very  useful  results,  and  so  far  we  have  only 
in  one  instance  found  carbon  dioxide  up  to  the  limit  allowed 
by  the  English  Act  and  have  found  no  trace  of  firedamp. 
It  is  possible  however  that  proper  analyses  will  show 
firedamp,  as  it  is  already  met  with  in  some  parts  of  the 
Jharia  field,  and  one  cannot  afford  to  neglect  the  ever- 
present  chance  of  meeting  it  elsewhere. 
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Comparative  statement  showing  results  of  Ventilation  tests  in  two  typical 
Indian  Mines  and  in  one  typical  English  Mine. 


Item 

Heads. 

Fair- sized  Indian 

Small- sized  In- 

Fair-sized Eng- 

No. 

Coal  Mine. 

dian  Coal  Mine. 

lish  Coal  Mine. 

/.      Particulars  of  the 

Mine. 

i. 

No.  of  shafts  or   in- 

D.C.    U.C. 

D.C.     U.C. 

D.C.     U.C. 

clines 

1           1 

1            1 

3           1 

2. 

Depth    of   shafts  on 

inclines 

400  ft.     350  ft. 

388  ft.  450  ft. 

456  ft.  486  ft. 
220  ,, 
218   ,, 

3- 

Diameters  of  do. 

14  ft.     14  ft. 

11  ft.  14  ft. 

14,  13,9,  11  ft. 

4- 

Length  of    workings 
on  strike 

500 —  1 ,900 — 2,200 

4,600  ft. 

1 ,900  ft. 

8,935  ft. 

5- 

Breadth  of  workings, 
Rise  to  Dip 

450 — 900 — 600 

1 ,950  ft. 

900  ft. 

9,117  ft. 

6. 

Number,      thickness 

and  dip  of  seams 

3;  2S  ft.,  7  ft.,  26ft. 

1  ;  6  ft 

4;  4  ft.    9  i  s. 

Dip.  1  in  10. 

Dip,  1  in  10  ft. 

3  ft.    9    ins., 
2  ft.  2  ins.  & 
2  ft.  7  ins. 
Dip,  level. 

7- 

Width  and  height  of 

galleries 

10ft.  x  IS  ft. ,  10ft. 
x  7  ft.  and  10  ft. 
X26  ft. 

10  ft.  x  6  ft. 

12  ft.  X4*  ft. 

8. 

Whether  worked  with 

safety  lamps 

No. 

Yes. 

Yes. 

9- 

Number    of    persons 
underground  at  one 

time 

280. 

70. 

287. 

IO. 

Output    in     tons    of 

coal  per  year 

60,000  tons. 

18,000  tons. 

210,454  tons. 

II.     Particulars  of  the  V 

entilation. 

ii. 

Class  of  Fan,  etc.    ..     Waddle  Turbo. 

Steam  pumps. 

Waddle     Ordi- 

cE-s*6-^,. 

16  x  7  x 12  inches 

nary. 
3—3 
35  ft.  xi—  XI2 

u. 

Revolutions   of    Fan 

ft.  S.I. 

per  minute 

125. 

40  (pump). 

51- 

13- 

H.P.  of  Fan  Engine 

25  I.H.P. 

12  H.P. 

61-55  I.H.P. 

14. 

H.P.  in  the  air 

15  H.P. 

1.6  H.P. 

207  H.P. 

15- 

Useful  effect   of  Fan 

and  Engine 

60  per  cent. 

14  per  cent. 

33-6  per  cent. 

16. 

Water     gauge     pro- 

duced 

0'8  inch. 

0-55  inch. 

1 '30  inches. 

17- 

Quantity  of  air  in  cu. 

ft.  per  minute 

120,000. 

18,821. 

101,060. 

18. 

Equivalent  Orifice  of 

the  mine 

52  sq.  ft. 

1-8  sq.  ft. 

35-4  sq.ft. 
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//.     Particulars  of  the  Ventilation — contd. 


Item 
No. 

„     j                  I   Fair-sized  Indian 
Heads.                        n     ,  ... 

Coal  Mine. 

Small  Indian 
Coal   Mine. 

Fair  sized  Eng- 
lish Coal  Mine. 

19- 

Orifice  of  passage  of 

the  Fan 

56  sq.  ft. 

5  sq.  ft.  (Cal.) 

90-4  sq.  ft. 

20 

Air  per  person  in  cu. 

ft.  per  minute 

42S. 

269. 

352. 

21. 

Total   air    the    mine 

contains  at  once  .  . 

16,000,000  cu.  ft. 

1,120,000  cu.  ft. 

10,808,000  cu. ft. 

22. 

Air    per   person    the 
mine     contains    at 

once 

57,142  cu.  ft. 

16,000  cu.  ft. 

37,658  cu.  ft. 

23- 

Air  per  minute  in  cu. 
ft.  per  ton  of  coal 

per  year 

2  CU.  ft. 

1  04  cu.  ft. 

0-94  cu.  ft. 

24. 

Temperatures          at 

Top.                Bott. 

Top.            Bott. 

Top.          Bott. 

down-casts* 

90&81       88  &  82 

72J&62J  62J&61J 

41&39    59&53 

25- 

Temperatures  at   up- 

Top.               Bott. 

Top.             Bott. 

Top.          Bott. 

casts* 

90&81       87  &  85 

72i&62j  80&78 

41  &  39  60-4  &  60 

26. 

Temperature    of   the 

mine 

Dry  850     Wet  840 

Dry74i°Wet73P 

Dry6i°Wet6o° 

27. 

Humidity 

28. 

co2 

0-25  per  cent. 

0.25  per  cent. 

0-18  per  cent. 

29. 

ch;     . . 

0-02           , , 

°'°5         .• 

0-18 

30. 

Oxygen 

20-50 

20-50         „ 

19-58 

31. 

Nitrogen 

79-23 

79-2o 

80-06         ,. 

32. 

Adequacy  on  Oxygen 

content 

97  per  cent. 

97  per  cent. 

93  per  cent. 

33. 

Cost  in  H.P.  per  1  ,oco 
cu.  ft.  per   minute 

(at  Engine  ) 

0-21   H.P. 

066  H.P. 

o-6i  H.P. 

34- 

Cost  in  H.  P.  per  1 ,000 
cu.  ft.  per  minute 

(iu  the  air) 

0-12  H.P. 

009  H.P. 

O-20H.P. 

35- 

Assistance   from   na- 
tural      ventilation 

in  H.P.   in  the  air 

Not  caken. 

Not  taken. 

Not  takeu. 

APPENDIX. 
THE   VENTILATION   OF   INDIAN   MINES. 

The  ventilation  of  mines  being  of  such  great  interest  and  impor- 
tance, and  the  ventilation  of  Indian  mines  presenting  so  many  features 
differing  from  that  in  other  countries,  it  is  thought  that  a  statistical 
account  putting  on  record  the  present  position  in  India;  which  has  not 
so  far  been  done,  will  prove  useful  to  all  concerned,  and  I  therefore 
propose,  with  the  consent  and  collaboration  of  Superintendents  and 
Managers,  to  compile  such  a  statement  for  inclusion  in  a  paper  for  the 
Transactions  of  the  Mining  and  Geological  Institute  of  India. 

2.  The  objects  of  the  paper  are  : — 

(<()  To  put  on  record  the  extent  to  which  ventilation  is  now 
produced  respectively, 

(i)  By  Mechanical  Ventilators, 
(ii)  By  Heating  the  Upcasts, 
(iii)  By  Natural  Ventilation, 
and  the  mines  will  be  grouped  under  each  of  these  heads  in  the  order 
of  output,  depth,  etc. 

(b)  To  show   for  each  of  the  above  systems  in  a  selected 

number  of  typical  cases, 
(i)  The  Cost, 
(ii)  The  Efficiency, 
(iii)  The  Adequacy. 

(c)  To  show  how  the  ventilation  of  Indian  mines  compares 

generally  with  the  standard  attained  in  other  coun- 
tries. 

(d)  To  promote  interest  in  the  question  of  ventilation  gener- 

ally and  to  demonstrate  the  advantages  of  measure- 
ments and  sundry  observations. 

3.  It  is  expected  that  the  returns  will  show  that  Indian  mines 
are  at  present  more  cheaply  ventilated  than  those  in  other  countries 
owing  to  absence  of  fire-damp,  large  galleries,  small  areas,  small  depths 
and  numerous  Shafts  and   Inclines,  etc. ;    it  is  hoped   that  the  returns 
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will  prove  useful  in  showing  how  tar  the  ventilation  is  more  or  less 
adequate  than  in  other  countries. 

4.  The  figures  will  be  tabulated  under  the  annexed  headings 
along  with  similar  figures  for  mines  in  other  countries  for  comparison. 

Form  A  for  all  mines,  and 

Form  B  for  a  selected  number  of  mines  only. 

5.  I  shall  be  very  glad  if  you  will  collaborate  by  supplying  the 
information  required  to  enable  your  collieries  to  be  included  in  the 
statements  and  if  in  submitting  the  returns  you  will  favour  me  with 
any  remarks  or  suggestions  that  may  occur  to  you. 

(»  The  names  of  the  various  mines  will  not  appear  in  the  state- 
ments but  will  be  used  for  reference  only,  and  will  of  course  be  treated 
as  confidential. 

7.  The  collaboration  of  the  gentlemen  supplying  the  information 
will  of  course  be  suitably  acknowledged  in  the  paper. 

8.  Trusting  to  secure  your  valued  co-operation  in  the  matter. 

Yours  faithfully. 
Uhanbad  :  -,  p_  L.  g.  SIMPSON. 


r,  1919J 


The  15th  December, 

I  enclose  herewith 

copies  of  Form  A. 
copies  of  Form  B. 


FORM  A.  FOR  ALL  MINES.  Tabular  Number— 

THE   VENTILATION   OF   MINES. 

Colliery. 

Designation  of  mine  or  area 

By  what  means  ventilated  — 

XT  Particulars,  Observations  and  Results. 

No. 


Particulars  of  ventilating  power 
Length  of   area  of  workings  on  the 

strike         ..  ..  ..     Feet..      No.  of  pillars. 
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Item 
No. 


Particulars,  Observations  and  Results. 


9 

10 
ii 

12 

13 
14 


16 


Breadth  of  area  of  workings  from  rise 
to  dip 

Names  of  seams  worked 

Thickness  of  seams  worked 

Average  width  and  height  of  galleries 

Output  in  tons  per  annum 

Number  of  persons  underground  at 
one  time 

Whether  worked  with  safety  lamps 

Number  of  shafts  sunk 

Depths  of  shafts  sunk 

Number  of  inclines  driven 

Rate  of  dip  of  seams 

Vertical  depth  from  surface  to  face 
of  dips 

Total  quantity  of  air  passing  in  cu. 
ft  per  minute 

Total  air  mine  contains  at  once — cu- 
bic feet 


Feet. .      No.  of  pillars. 


Note. — Each  set  of  shafts  and  inclines  having  a  separate  system 
of  ventilation  should  b?  taken  as  a  separate  mine  for  the  purpose  of 
this  return. 

This  return  may  be  filled  up  at  any  time  during  the  year  1920 — 
the  sooner  the  better.     It  should  be  dated  and  signed. 

Dated 


Signature. 


FORM  B. 


FOR  A  SELECTED  NUMBER  OF  MINES  ONLY.     Tabuiar  Number 


THE   VENTILATION   OF   MINES. 


Colliery. 


Designation  of  mine  or  area 
By  what  means  ventilated 


1921. 
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Item 
No. 


Particulars,  Observations  and  Results. 


9 

10 

ii 

12 

13 
14 


16 

18 
19 


20 

21 
22 

23 
24 

25 
26 

27 
28 

29 


Particulars  of  Ventilating  Power. 

Length  of  area  of  workings   on  the 
strike 

Breadth   of   area  of   workings   from 
Rise  to  Dip 

Names  of  seams  worked. 

Thickness  of  seams  worked. 

Average  width  and  height  of  galleries. 

Output  in  tons  per  annum. 

Number  of   persons  underground  at 
one  time. 

Whether  worked  with  safety  lamps. 

Approximate  yield  of  firedamp. 

Number  of  downcast  shafts. 

Depths  of  do  do. 

Diameters  of     do.         do. 

Temperature  of  air  in  top  of  down- 
cast (deepest) 

Temperature    of    air    in    bottom    of 
downcast  (deepest) 

Number  of  upcast  shafts. 

Depths  of        do.        do. 

Diameters  of  do.        do. 

Temperature  of  air  in  top  of    upcast 
(deepest) 

Temperature  of  air  in  bottom  of  up- 
cast (deepest) 

Number  of  Downcast  Inclines. 

Width  and  Height  of  Downcast  In- 
clines (each). 

Temperature  of  air  in  mouth  of  Down- 
cast Inclines  (deepest) 

Temperature  of  air  in  bottom  of  Down- 
cast Inclines  (deepest) 

Number  of  Upcast  Inclines. 

Width  and  Height  of  Upcast  Inclines 
(each). 

Temperature  of  air  in  mouth  of  Up- 
cast Inclines  (deepest) 

Temperature  of  air  in  bottom  of  Up- 
cast Inclines  (deepest) 

Distance    from    downcast    shafts   to 
face  of  dips. 


Feet. .      No.  of  Pillars. 
Feet. .      No.  of  Pillars. 


Dry  bulb..  Wet  bulb. 

Dry  bulb..  Wet  bulb. 

Dry  bulb..  Wet  bulb. 

Dry  blub..  Wet  bulb. 

Dry  bulb..  Wet  bulb. 

Dry  bulb..  Wet  bulb. 

Dry  bulb..  Wet  bulb. 

Dry  bulb..  Wet  bulb. 
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Item 
No. 


Particulars,  Observations  and  Results. 


30  Distance  from  mouths  of  Inclines  to 

face  of  dips. 

31  Rate  of  dip  of  seams.     1  in. .  . . 

_^2  Vertical  depth  from  surface  to  face 
of  dips. 

33  Height  of  Barometer  at  Surface  (iu- 

ches). 

34  I  Class  or   make  of  fan   and   whether 

double  or  single  inlet. 

35  Diameter  of  fan  and  diameter  of  in- 

let. 

36  Width  of  fan  at  centre  and  at  tip  of 

blades. 

37  Revolutions  of  fan  per  minute. 

38  Orifice  of  passage   of   fan  (say  80% 

of  area  of  inlets) . 

39  Means  by  which  upcasts  are  heated. 

40  Whether  ventilation  is  natural  only. 

41  Total  quantity  of  air  passing  in  cu. 
ft.  per  minute  (Vel.  in  ft.  per  min.  x 
Area  in  sq.  ft.).  [ings. 

42  Average  temperature  of  air  in  work- 

43  Water  gauge  as  read  (inches). 

44  Water  gauge  as  calculated  (inches). 

45  Equivalent  orifice  of  the  mine  (00004 

Q)-Hv/(W.G.  ins.)- 

46  Horse    Power  in  the   air    (O  x  WG  x 

5'2)-H33ooo). 

47  Indicated  horse  power  of  fan  engine 

(A  x  P  x  S)-f-  33000. 

48  Useful  effect  of  fan  and  engine  (H.P. 

in  the  air-4-Ind.  H.P.  of  Engine). 

49  Horse  Power  in  producing  steam  in 

upcasts  [(lbs.  coal  burnt  per  hr.  x 
BTUx772)-=-(6ox  33000  x  3);  {for 

33%  effy.J]. 

50  Horse  Power  in  producing  steam  in 

downcasts  (Same  formula). 
5  J     Horse  Power  in  furnace  where  used 

(Same  formula). 
52     Horse  Power  in   natural   ventilation 

[H.P.  in  the  air  +  X    (for  artificial 

assistance  if  any)]. 


Drv  bulb . .    Wet  bulb . 
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Item 
No 


Particulars,  Observations  and  Results. 


53 


54 


55 


56 


57 


58 
50 

60 


Useful  effect  of  steam  or  furnace 
(H.P.  in  the  air)-^(H  P.  in  steam 
or  furnace). 

Useful  effect  of  natural  ventilation 
(H.P.  in  the  air)-|-(H.P.  in  the  air 
+  X). 

Total  air  mine  contains  at  once  (cu- 
bic feet).  (Total  cubic  space  in 
mine.) 

Air  contained  per  person  underground 
at  once  (cubic  feet).  (Total  cubic 
space)-=-(Xo.  of  persons). 

Air  passing  per  head  undergound  at 
once  (cubic  feet  per  min.).  (Total 
qty.  cubic  ft.  per  min.)-^-(Xo.  of 
persons). 

Analysis  of  air  near  face  of  workings     CO  .  .CHV.  .O.  .X 

Analysis  of  air  near  bottom  of  up- 
cast 

Degree  of  adequacy  of  the  ventilation. 

The  standard  for  100%  adeqnacy  be- 
ing CO£,  ]%.  CH4)*V%-  0.21%. 
X,  79%.  Humidity  75%  or  5C 
Fah.  between  Dry  and  Wet 
bulb.  Air  passing  per  min.  per 
person  underground  150  cu.  ft.  per 
min. 


0 


CO_..CHv.O..X..%. 


Instructions    to   be    observed    in  the  filling   up  of  this  Ventilation 

Return. 

1.  Each  set  of  shafts  and  inclines  having  a  separate  system  of 
ventilation  should  be  taken  as  a  separate  mine  or  unit,  and  should  be 
entered  in  a  separate  ventilation  return.  Each  such  unit  will  be 
assigned  a  separate  tabular  number. 

2.  When  any  such  unit  contains  more  than  one  seam,  the  length 
and  breadth  of  the  area  of  workings  in  each  seam  should  be  shown. 

3.  The  average  temperature  of  the  air  in  the  workings  should  be 
taken  as  nearly  as  possible  in  the  centre  of  the  area  and  in  moving 
air,  but  not  in  a  main  intake  or  return  current. 
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4.  No  special  stoppings  or  regulators  need  be  put  in  for  the 
sake  of  getting  air  measurements  or  water-gauge  readings. 

Where  the  current  will  not  turn  the  anemometer,  powder  smoke 
should  be  used,  or  in  a  safety-lamp  mine  some  other  means. 

5.  It  is  hoped  that  companies  which  have  no  apparatus  for  the 
analysis  of  air  will  get  their  analyses  made  elsewhere. 

6.  A  separate  form  should  be  used  for  mines  ventilated  by  fans, 
heating  of  upcasts  and  natural  ventilation  respectively,  the  particulars 
not  required  in  each  case  being  left  blank. 

7.  The  observations  and  measurements  may  be  taken  at  any 
time  during  the  year  1920 — the  sooner  the  better.  The  returns  should 
be  dated  and  signed. 

Dated, _  - 

Signature 


The  President  announced  that  the  new  Jharia  coal- 
field maps  were  available  for  inspection  in  the  meeting- 
room,  and  that  they  were  on  sale  at  Rs.  36  per  set  or  Rs.  6 
per  sheet.  Complete  maps  on  a  smaller  scale  might  be 
obtained  from  the  Honorary  Secretary. 

Mr.  R.  R.  Simpson  then  called  upon  Mr.  H.  M.  Tarlton 
to  read  his  paper  on  "  Hydraulic  Packing  in  Thick  Coal 
Seams." 


Hydraulic  Packing  in  Thick  Coal  Seams. 

BY 

H.   M.  Tarlton. 

(With  four  Plates.) 

The  writer  is  a  believer  in  hydraulic  packing,  and, 
it  is  his  opinion,  that  this  system  of  mining,  combined 
with  machine  coal-cutting  and  mechanical  coal-face  con- 
veyors, will  greatly  solve  the  two  present-day  problems 
of  coal  wastage  and  the  necessity  of  larger  outputs  from 
our  mines.  A  very  large  proportion  of  the  Continental 
mines,  where  thick  seams  predominate  (and  also  a  good 
percentage  of  thin  seam  mines),  are  now  entirely  worked 
on  the  hydraulic  packing  system.  The  writer  has  recently 
visited  a  large  number  of  mines  in  Belgium,  Germany  and 
France,  and  under  almost  all  conditions  possible,  he  has 
seen  hydraulic  packing  being  carried  on,  and  every  conceiv- 
able class  of  stowing  material  being  used.  He  has  seen 
mines  from  which  seams,  twelve  feet  in  thickness,  were 
being  taken  out  by  long-wall  faces  from  underneath 
thickly  populated  towns  ;  and  other  mines,  from  which 
seams  up  to  twenty-eight  feet  in  thickness  were  entirely 
removed  from  beneath  busy  railways,  rivers,  canals,  iron- 
works, etc. 

It  has  become  common  in  India  to  speak  of  hydraulic 
packing  as  "  sand  packing";  but  this  is  scarcely  a  cor- 
rect term  and  it  is  somewhat  misleading,  as  practically 
any  material  up  to  i|-inch  cube  (which  is  not  too  readily 
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soluble  in  water)  is  suitable  for  hydraulic  packing  in 
mines. 

In  the  Bengal  coal-fields  there  are  large  rivers  which, 
in  varying  seasons,  are  raging  torrents  for  short  periods 
(during  the  monsoon  season)  following  which,  during  the 
dry  weather,  for  a  period  of  eight  or  nine  months  in  the 
year,  low-lying  tracks  of  sand  are  formed  with  but  small 
streams  a  few  feet  in  width  only,  providing  enormous 
supplies  of  sand,  and  generally  speaking,  presenting  con- 
ditions which  are  ideal.  In  the  Jharia  field  there  is  one 
large  river  only,  but  in  the  Raniganj  field  there  are  two  ; 
I  think  I  am  correct  in  saying,  that  all  mines  in  the  latter 
field  are  situated  within  nine  miles  of  the  banks  of  one  or 
other  of  these  two  streams,  and  that  the  majority  lie  with- 
in four  miles.  Compare  these  conditions  with  the  Ruhr 
Coalfield  in  Westphalia,  where,  in  pre-war  days,  upwards 
of  80,000  tons  of  stowing  material  were  brought  daily  from 
an  average  distance  of  24  miles  to  the  centre  of  the  coal- 
field, this  district  alone  using  material  equal  to  the 
quantity  required  to  replace  the  entire  present  output 
of  coal  from  the  Indian  coal-fields,  if  taken  from  solid 
areas. 

The  position  of  the  Indian  coal-fields,  in  regard  to 
supply  of  material  for  hydraulic  stowing,  is,  the  writer 
believes,  unique  in  the  whole  mining  world,  and,  the 
deposits  of  thick  seams  of  coal  with  the  unquestionable 
facilities  at  hand,  cry  out  for  new  methods  of  mining 
other  than  the  old  system  in  common  practice. 

In  Europe,  and  other  countries  with  temperate  cli- 
mates, where  the  rainfall  is  more  or  less  equally  distri- 
buted over  the  whole  year,  the  rivers  do  not  form  the 
source  of  supply  of  packing  material,  as  there  is  little 
or  no  rest  period.     In  the  British  Isles,  with  its  compara- 
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tively  thin  coal  seams  (with  few  exceptions)  there  is  not 
the  same  general  need  for  hydraulic  packing,  but,  even 
in  England,  it  is  possible  that  hydraulic  packing  might 
have  simplified  the  drainage  of  the  Staffordshire  coal-field, 
and  that  much  valuable  coal,  at  present  locked  up,  might 
still  be  won  by  adopting  a  method  at  once  so  simple  and 
so  effective.  There  is  also  the  advantage  which  the  system 
offers  in  the  case  of  mines  whose  workings  extend  beneath 
large  towns  and  cities,  for  the  support  of  which  50  per 
cent,  of  the  coal  is  left  in  situ. 

In  addition  to  the  enormous  supplies  of  river  sand 
which  exist  in  different  parts  of  the  coal-fields,  there  is 
much  soft  rock  which,  the  writer  has  no  hesitation  in 
saying,  could  be  quarried,  crushed,  and  flushed  into  mines 
at  places  conveniently  situated ;  this,  he  has  reason  to 
believe,  can  be  done  cheaper  than  sand  can  be  conveyed. 
There  are  millions  of  tons  of  this  material  readily  avail- 
able. 

With  the  kind  permission  of  his  managing  agents, 
Messrs.  Bird  and  Co.,  the  writer  may  now  pass  on  to  a 
description  of  the  small  stowing  plant  at  his  firm's  Saltore 
Collier}-,  which  has  been  set  to  work  to  prove  beyond 
doubt  that  hydraulic  stowing  is  suitable  for  Indian  mining 
conditions. 

The  Saltore  mine,  at  which  hydraulic  stowing  oper- 
ations are  being  carried  on,  is  situated  on  an  island 
formed  at  the  junction  of  the  Damuda  and  Barakar 
rivers.  The  mine  is  entirely  isolated  from  direct  railway 
communication,  and  the  coal  is  conveyed  across  the  river 
Dsmuda  to  the  railway  by  means  of  an  aerial  ropeway. 

There  are  three  chief  reasons,  the  advantages  of  which 
will  be  readily  seen,  why  hydraulic  stowing  should  be 
carried  out  at  this  mine  :— 
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(i)  To  ensure  safety  of  life  and  of  property. 

(2)  To  obtain    the  highest   percentage  possible  of 

this  highly  valuable  coal  (Dishergarh  Seam). 

(3)  To  obtain  the  maximum  possible  output. 

The  installation  is  exceedingly  simple.  It  consists 
of  an  electric  haulage,  to  haul  sand  in  tubs  from  the  river- 
bed to  the  top  of  a  two-hundred-ton-capacity  bunker ;  a 
six-inch  pipe-line  from  a  stowing  chamber  underneath  the 
bunker  to  the  goaf  area  ;  a  large  pond  or  tank  for  water 
storage,  on  ground  sufficiently  high  to  ensure  a  good  sup- 
ply of  water,  gravit)T  fed,  to  the  stowing  room  ;  an  under- 
ground pump  of  sufficient  capacity  to  pump  the  water 
back  to  the  surface,  after  it  has  passed  through  the  stow- 
ing screen ;  and,  finally,  a  line  of  five-inch  pipes  through 
which  the  return  water  is  passed  back  to  the  storage  tank. 
Use  was  made  of  one  of  the  existing  shafts  for  the  pur- 
pose of  the  fixing  of  the  stowing  pipe-line,  and  a  brick- 
work bunker  with  a  double  hopper  steel  bottom  was 
erected  adjoining  the  shaft.  The  shaft  is  adjacent  to  the 
bank  of  the  river,  but  at  a  point  at  the  top,  or  up-stream 
end,  of  the  island.  Unfortunately,  as  the  river  flows  in 
force  against  this  end  of  the  island,  whenever  there  is  a 
small  flood,  the  sand  bed  is  cut  off,  and  stowing  opera- 
tions are  then  suspended.  This  is  now  being  remedied  by 
the  sinking  of  a  shaft  in  a  more  suitable  position,  with  a 
track  leading  from  a  better  position  in  the  river-bed.  The 
shaft  has  a  total  depth  of  121  feet.  The  pipes  were  laid 
along  a  strike  gallery  which  inclined  14  feet  in  1,000,  as 
against  the  flow.  The  working  head  is  therefore  107  feet 
only,  after  deducting  the  14  feet  rise. 

The  mine  was  originally  laid  out  to  obtain  coal  by 
the  general  common  practice,  i.e.  bord  and  pillar,  and 
hand  cutting,  and,  the  stowing  district  now  in  progress, 
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is  an  area  of  pillars  which  are  being  removed.  A  pillar 
district  for  operations  was  mapped  out  at  a  distance  of 
1,000  feet  along  the  strike  from  the  shaft,  and  five  pillars 
or  350  feet  to  the  clip  of  this  front.  The  method  intro- 
duced was,  to  attack  the  five  pillars  simultaneously  from 
the  goaf  side,  and  to  retreat  towards  the  shaft,  taking  the 
whole  thickness  of  the  seam. 

After  a  goaf  has  been  formed,  25  feet  in  width,  a 
screen  of  props,  laths,  and  brattice  work  is  erected,  and 
the  stowing  pipes  are  laid  along  the  goaf  from  the  top  to 
the  lower  side  of  the  area  which  is  being  dispillared. 
The  screen  is  fixed  at  a  distance  of  five  feet  from  the 
working  face,  which  allows  the  goaf  to  be  stowed  20  feet 
in  width.  Stowing  operations  are  then  commenced,  and 
the  strip  of  goaf,  20  feet  wide,  behind  the  screen,  is  filled 
up  to  the  top  end,  the  water  percolating  through  the 
screen  (which  keeps  the  sand  back  in  position)  and  drain- 
ing away  by  old  roadways  to  the  pump  lodge-room. 
Whilst  the  stowing  is  in  progress,  the  work  is  con- 
tinuing at  the  coal  face  on  the  other  side  of  the  screen, 
and,  another  goaf  is  being  formed,  which  is  screened  off 
in  turn  at  20  feet,  the  pipes,  which  have  been  taken  off 
from  the  last  goaf,  being  again  laid  from  the  top  end  to 
the  bottom  end  of  the  new  goaf  area,  and  the  stowing 
operations  being  repeated. 

The  operations  on  the  surface  are  performed  by  one 
man,  who,  on  receiving  the  signal  from  the  person  under- 
ground in  charge  of  the  goaf,  that  all  is  ready  for  stowage, 
turns  on  the  water  only,  and  allows  this  to  run  for  a 
period  of  three  minutes.  At  the  expiry  of  three  minutes, 
the  sand  hopper  valve  is  opened,  and  sand  allowed  to  fall 
into  the  hopper  top  of  the  stowing  pipe,  to  mix  with  the 
water  and  flow  along  the  pipe  line  into  the  goaf.     Each 
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time  that  stowing  operations  are  discontinued  for  any 
reason  whatsoever,  the  water  is  allowed  to  flow  for  a 
period  of  at  least  three  minutes  after  the  sand  has  been 
cut  off  ;  this  is  to  ensure  that  the  sand  has  been  cleaned 
out  of  the  horizontal  pipes.  The  pipes  from  the  surface 
down  are  flushed  at  the  commencement  and  the  end  of 
each  stowing  operation. 

In  the  early  part  of  the  present  year,  the  writer  decided 
to  make  an  attempt  to  take  the  coal  off  in  two  lifts  of  eight 
feet  each  (the  seam  being  16  feet  thick),  in  spite  of  the  fact 
that  the  galleries  were  already  driven  ten  to  twelve  feet 
high  ;  the  trial  has  so  far  succeeded  that  the  roof  coal 
has  been  left  sitting  on  sand  over  an  area  of  42,000  sq. 
ft,  and  the  arrangement  now  being  carried  out  is  to  go 
back  and  recover  this  roof  coal,  which,  having  a  sand 
floor,  will  be  easily  won. 

The  proportion  of  the  vertical  head  to  the  horizontal 
distance  of  pipe  is  practically  1  to  10,  and  it  is  found  in 
practice  that  this  requires  a  mixture  of  1*5  parts  of  water 
to  1  of  sand.  The  capacity  of  the  stowing  plant  is  60 
tons  per  hour,  but  this  rate  of  loading  from  the  river-bed 
has  not  yet  been  maintained  and  the  highest  quantity 
loaded  so  far  has  been  450  tons  in  one  day.  The  plant  is 
now  being  increased  and  is  expected  to  deal  with  1,200 
tons  of  sand  daily  before  the  end  of  the  current  year. 

The  cost  per  ton  of  coal  will  vary  according  to  the 
ratio  of  sand  required  to  replace  one  ton  of  coal.  In  new 
work,  one  cubic  yard  of  sand  will  be  required  for  each  ton 
of  coal  cut.     The  cost  per  cubic  yard  of  sand  stowed  is  : — 
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Cost  for  hand  loading  from  river-bed  per  cu.  yd.         . .     020 
Cost    for    goaf    screen,    timber,    laths,    hessian    cloth 

and  nails,  etc.     . .  . .  . .  ..020 

Cost  of    working,   i.e.  surface    operator,    men    joining 

and  removing  pipes,  attending  to  drains 
Cost  of  erecting  screen 

Total 

Cost  of  pumping,  depreciation  of  plant,  and  renewals 
are  not  given,  as  sufficient  data  are  not  yet  available. 
This  cost  would  be  that  of  a  mine  working  in  a  solid 
or  virgin  area,  but,  in  the  removal  of  coal  from  a  pillar 
area,  the  cost  would  vary  inversely  with  the  quantity  of 
coal  taken  :  thus,  if  one  half  of  the  coal  has  been  taken  in 
the  first  working,  then  the  cost  per  ton  would  be  double  on 
the  pillar  coal. 

The  area  goafed  is  105,000  sq.  ft.,  of  which  42,000 
sq.  ft.  have  had  the  lower  8  feet  only  removed  from  the 
pillars. 

The  stowing  pipes  are  steel  tubes  with  loose  flanges,  six 
inches  in  diameter.  It  is  found  from  the  statistics  which 
the  writer  obtained  in  Europe  and  from  his  own  experience 
generally,  that  these  pipes  give  the  best  economical  results. 
The  pipes  at  Saltore  have  passed  60,000  tons  of  material, 
and  of  these  pipes  used,  one  only — a  vertical  pipe  at  the 
top  of  the  shaft — has  only  just  been  found  to  be  holed  bv 
the  force  of  the  sand.  The  "  bend  pipes  "  require  to  be 
cast  iron,  and  specially  designed  to  suit  the  purpose  for 
which  needed,  e.g.  a  pipe  to  suit  a  vertical  bend  is  not  suit- 
able for  a  horizontal  bend. 

Bench-marks  were  set  up  over  the  area  being  goafed, 
and  careful  levels  taken  and  recorded  before  goafing  was 
commenced.     This  was  done  for  the  purpose  of  information, 
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and   subsequent  levellings  have  so  far  shewn  no  depres- 
sion. 

Since  February  of  the  present  year,  long-wall  coal 
cutters  have  been  established,  and  have  proved  ito  be  very 
successful.  Coal-face  conveyors  are  being  added  to  com- 
plete the  plant. 

By  taking  the  seam  in  two  lifts,  the  stowing  screen 
supporting  timbers  used  can  be  of  much  less  diameter  ; 
these  are  more  easily  set  and  withdrawn.  At  this  height 
the  miner  can  work  more  comfortably  than  when  taking 
the  full  J 6  feet  of  the  seam. 

It  is  well  known  that,  given  the  best  of  hand-packing, 
compression  takes  place  to  the  extent  of  60  per  cent,  and  at 
a  fairly  rapid  rate,  but  in  the  case  of  hydraulic  packing, 
it  is  not  so  commonl)-  known  that,  with  suitable  material, 
compression  takes  place  to  the  extent  of  10  per  cent,  only, 
and  that  it  takes  place  so  slowly  and  evenly  that  no  sur- 
face damage  occurs.  As  an  example,  it  is  on  record  that, 
at  the  Konigin  Luise  Mine  in  Upper  Silesia,  working  a  seam 
35  metres  thick,  at  a  depth  of  150  metres  (from  surface) 
under  the  State  Railway,  a  depression  of  06  metre  only 
was  shewn  after  a  period  of  six  years. 

River  sand  is  an  ideal  material  for  hydraulic  packing, 
having  all  the  sizes  of  the  element  suitable  for  close  filling 
and  being  free  from  the  very  fine  mud  which  is  carried  off 
in  solution  by  the  river.  There  are  many  other  materials, 
such  as  crushed  sand,  stone,  shale,  surface  earth,  clay, 
and  boiler  ash,  all  of  which  are  excellent,  but  they  require 
to  be  crushed  to  sizes  not  exceeding  ij-inch  cube,  and, 
where  perfect  packing  is  required,  these  materials  are 
better  mixed.  When  using  clay  the  water  does  not  readily 
separate ;  it  is  squeezed  out,  but  only  after  weight  comes 
into  effect.     This  difficulty  however  can  be  overcome   by 
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adding  sand  or  fine  boiler  ash.  When  using  boiler  ash 
alone,  it  is  noticed  that  there  are  layers  of  fine  ash  and 
layers  of  coarser  size.  The  fine  ash  is  firm  and  not  readily 
compressible,  but  the  coarser  material  contains  many  blow 
holes  and  becomes  crushed  and  compressed  much  more 
readily.  A  mixture  of  surface  soil  or  sand  greatly  reduces 
the  compressibility  of   the    ash  material. 

The  advantages  which  may  be  claimed  for  hydraulic 
packing  are  : — 

(a)  It  ensures  greater  safety  to  life  and  property ; 

(b)  Combined  with  mechanical  coal-cutters  and  coal- 
face conveyors,  to  which  hydraulic  packing  particularly 
lends  itself,  the  more  arduous  work  of  coal  mining  is 
removed, 

(c)  A  mine  can  give  a  much  larger  output  for  a  given 
area  of  working  face,  than  by  bord  and  pillar,  and  a  newly 
opened  mine  can  immediately  give  a  much  larger  output. 

(d)  The  amount  of  coal  lost  in  extraction  is  reduced  to 
a  minimum,  which  is  not  more  than  i  to  2  per  cent. 

(e)  Coal  can  be  removed,  as  already  remarked,  from 
beneath  railways,  rivers,  or  buildings,  without  doing 
damage  to  these,  and  without  causing  the  heavy  losses 
which  ordinarily  take  place  owing  to  wholesale  subsidences. 

(/)  Better  ventilation  is  maintained  at  the  working 
face  by  reason  of  the  goafs  being  tightly  packed,  and  the 
working  being  carried  on  by  long-wall  faces  instead  of, 
as  at  present,  by  galleries,  which  are  difficult  and  expensive 
to  ventilate. 

(g)  The  danger  of  spontaneous  combustion  is  entirely 
removed,  as  no  coal  is  left  behind  to  crush  and  heat. 

(h)  The  danger  from  explosive  gases  is  greatly  mini- 
mised, owing  to  the  reduction  in  number  of  old  galleries, 
where  gases  may  accumulate. 
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(i)  Labour  car.  be  more  readily  attracted  to  the  mines 
as  the  manual  work  of  coal-cutting  is  considerably  relieved. 
The  disadvantages  are: — 

The  initial  capital  required  for  the  plant;  the  necessity 
and  cost  of  repumping  stowing  water  to  the  surface  ;  and 
at  present  the  doubtful  working  cost  of  the  system.  The 
author  uses  the  term  doubtful  with  regard  to  the  expense 
involved,  as  the  actual  cost  of  hydraulic  packing  is  largely 
discounted  by  the  increase  in  output,  which  decreases  the 
cost  of  standing  charges. 

The  advantages  realized  from  the  sand  packing  of  a 
mine  already  worked  into  ordinary  sized  pillars  will,  in 
the  matter  of  effect  and  economy,  be  still  greater  when 
adopted  for  the  working  of  virgin  coal  areas,  when  an 
equal  quantity  of  packing  will  replace  an  equal  quantity 
of  coal  taken  out. 

The  accompanying  sketches  explain  the  method  of 
stowing  in  vogue  at  Saltore. 

DISCUSSION. 

The  President  said  he  considered  Mr.  Tarlton's  paper 
particularly  interesting  to  the  Mining  community  of  the 
Jharia  field,  and  proposed  a  vote  of  thanks  to  the  writer. 
What  appealed  to  him  most,  perhaps,  was  the  very  inter- 
esting information  given  regarding  the  rate  and  amount 
of  subsidence,  and  instancing  particularly  the  data  given 
for  the  Konigin  Luise  Mine  in  Upper  Silesia,  where  the 
working  of  a  35  m.  seam  at  a  depth  of  150  m.  under  the 
State  Railway,  shewed  a  total  subsidence  of  only  '06  m. 
after  a  period  of  six  years. 

Mr.  Simpson  pointed  out  that  in  all  probability  it 
would  be  the  recognised  thing  in  the  early  future  to  extract 
totally,   with    the    aid    of    hydraulic    stowing,     the    coal 
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locked  up  under  railway  lauds,  but  before  this  could  be 
permissible,  it  would  be  necessary  that  figures  of  subsidence 
be  first  gathered,  sifted  and  thoroughly  considered.  He 
knew  of  no  mines  in  India  where  extensive  stowing  was 
in  vogue  with  the  exception  of  Balaghat  in  the  Central 
Provinces,  where,  he  understood,  the  subsidence  in  a  10  ft. 
seam  amounts  to  10  per  cent.  With  the  very  thick  seams 
in  Jharia  this  would  mean  about  6  ft.  on  a  60  ft.  seam,  and 
this  amount,  he  thought,  with  subsidence  uniform  and 
regular,  need  not  be  a  deterrent  to  the  total  extraction  of 
coal  under  railway  lands. 

At  Saltore  the  area  extracted  was  not  very  extensive 
and  no  subsidence  had  yet  taken  place.  Levels  had  been 
taken  and  would  be  periodically  checked  by  the  surveyors 
appointed  by  the  Subsidence  Committee,  and  some  inter- 
esting information  would  presently  be  at  the  service  of  the 
Institute.  The  President  asked  Mr.  Tarlton  to  supplement 
further  the  information  he  had  already  given  on  sub- 
sidence, rate  and  amount. 

Mr.  Argyle  seconded  the  vote  of  thanks. 

Mr.  Walter  Weir  enquired  as  to  the  radii  of  bends  used, 
and  the  effect  on  the  pumps  of  returning  the  water  to  the 
surface.  He  pointed  out  the  difficult}*  of  providing  sand 
in  the  Jharia  field  owing  to  the  considerable  distance 
of  the  Damuda  River.  At  1,500  ft.  depth,  he  considered 
ths  use  of  hydraulic  stowing  for  uniform  subsidence  of  the 
surface  unnecessary,  and  regarded  accidents  as  providen- 
tial and  not  therefore  governable  by  methods  of  working. 

Mr.  Tar/ton,  replying  to  the  last  speaker,  observed  that 
the  water  from  the  stowing  operations  was  circulated  as 
far  as  possible  around  the  old  workings,  and  over  settling 
ponds  made  by  placing  weirs  in  the  path  of  the  water. 
Most  of    the  silt  carried  was  thus  deposited   out  of  the 
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water,  and  only  clarified  water  led  back  to  the  pumps.  Xo 
deleterious  effect  had  yet  been  noticed  on  the  pumps, 
which  were  of  ordinan^  turbine  type. 

Regarding  subsidence,  this  in  general  was  found  to 
proceed  over  a  period  of  15  years,  when  it  usually  ceased ; 
there  was  never  any  sudden  collapse.  At  Saltore,  al- 
though subsidence  was  not  yet  perceptible  on  the  surface, 
a  constant  weight  was  on  the  working  face  in  much  the 
same  way  as  is  usual  on  an  ordinanr  long-wall  face. 

Mr.  Simmons  enquired  what  material  was  used  at 
vSaltore  in  the  bends,  and  instanced  a  case  in  his  experi- 
ence, where,  with  cast  iron  bends,  six  were  cut  through 
within  three  months ;  usually  the  next  pipe  in  the  direc- 
tion of  flow  was  also  badly  worn. 

Mr.  Tarlton  said  the  bend  pipes  in  use  at  Saltore  were 
of  cast  iron,  and  so  far  60,000  tons  of  sand  had  been 
passed  through  the  pipes  without  a  bend  holing.  The 
only  trouble  of  this  kind  experienced  was  with  a  vertical 
pipe  next  below  the  bend  at  the  top  of  the  sand  feeding 
shaft ;  this  however  was  not  of  serious  extent.  Cast  iron 
bends  were  working  on  the  Continent  of  Europe  at  depths 
of  500  m.  and  600  m.,  these  being  thickened  on  the  out- 
side of  the  bend.  In  Belgium  the  bends  were  sometimes 
corrugated  inside  to  save  wear  as  much  as  possible. 

Prof.  Roberton  enquired  if  Mr.  Tarlton  had  any  data 
as  to  the  proportion  between  the  amount  of  water  pump- 
ed out,  and  the  amount  of  water  carrying  the  sand.  He 
could  quite  conceive,  in  the  case  of  a  clayey  stowage,  of  a 
proportion  of  the  water  entering  into  mechanical  combi- 
nation with  the  stowage. 

Mr.  Tarlton  said  the  amount  of  water  pumped  out 
at  Saltore  was,  roughly,  equal  to  the  amount  of  water 
taken    into  the  mine.     He  did  not  think  there  was  any 
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water  loss  due  to  mechanical  combination  with  the  stow- 
age 

Mr.  F.  L.  Simpson  said  that  in  his  experience  with 
hand  stowing  there  was  often  considerable  delay  due  to 
waiting  for  packing,  and  enquired  if  any  such  delays 
occurred  with  sand  packing,  and  if  Mr.  Tarlton  considered 
that  as  much  coal  could  be  raised  in  the  shift  with,  as 
without,  sand  packing. 

Mr.  Tarlton  said  that,  generally  speaking,  the  output 
was  better,  since  the  delay  occasioned  when  the  roof  was 
weighing  in  pillar  working  was  obviated  by  sand  packing ; 
besides  which  machine  mining  was  now  possible  at  Saltore. 
Regarding  the  supplies  of  sand,  at  the  present  moment 
there  was  some  difficulty,  as  the  position  of  the  shaft  down 
which  the  hydraulic  stowing  was  conducted  was  situated 
near  the  upstream  end  of  the  island,  and  the  sand  bank 
there  was  now  cut  off  and  sand  not  at  the  moment  avail- 
able. When  the  new  shaft  mentioned  in  the  paper  should 
be  fitted  up,  it  was  anticipated  that  there  would  be  no 
such  delays. 

Mr.  Simmons. — Are  there  any  arrangements  made  for 
obtaining  sand  whilst  the  river  is  in  flood  ? 

Mr.  Tarlton  referred  to  the  new  shaft,  and  the  advan- 
tages of  its  position  in  respect  to  sand. 

Mr.  Simmons. — The  river  changes  very  considerably 
in  its  course  and  may  at  any  time  cut  off  the  sand  bank 
yielding  the  supplies. 

Mr.  Tarlton. — The  river  has  been  carefully  surveyed 
each  season  for  the  past  seven  years,  and  the  sand  bank 
which  will  feed  the  new  shaft  has  not  materially  changed 
in  this  time.  This  record  warrants  our  assuming  its  per- 
manency. 

The   President    referred    to   Mr.    Hendry's  paper  on 
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"Notes  regarding  Sand  Packing  at  Ramnagar "  and 
requested  Mr.  Tarlton's  views  on  the  feasibilit}^  of  the 
main  scheme  outlined  therein,  for  Saltore. 

Mr.  Tarlton  considered  sinking  on  the  bank  of  the  river 
and  driving  to  the  river-bed  for  sand,  a  scheme  feasible 
enough  in  the  dry  season,  but  not  during  the  monsoon. 

Mr.  Walter  Weir  remarked  that  he  considered  Mr. 
Hendry's  scheme  very  risky  and  dangerous,  and  referred 
to  the  difficulty  to  be  expected  in  keeping  water  out  of 
the  mine,  when  the  boring  in  the  river-bed  was  completed. 

The  President  said  he  did  not  consider  there  was  any 
great  danger  in  sinking  the  shaft,  and  drifting  to  the 
sand. 

Mr.  Argyle  enquired  of  Mr.  Tarlton  the  dip  of  the 
seam,  and  if  it  were  necessary  for  any  hand  packing  to  be 
done  between  the  lie  of  the  sand  and  the  roof  after  hydrau- 
licing.  He  also  enquired  what  width  of  lift  was  stowed 
at  one  operation. 

Mr.  Tarlton. — The  dip  of  the  seam  is  i  in  7,  and  it 
has  not  been  found  necessary  to  hand  stow.  The  natural 
spread  of  the  stowage  leaving  the  pipe  is  about  20  ft.  and 
this  is  taken  as  the  width  of  each  stowing  lift ;  40  ft.  has 
been  tried  but  this  width  is  found  to  be  excessive  for 
rapid  filling. 

Mr.  Entwistle  enquired  as  to  the  means  adopted  to 
get  the  discharging  pipe  up  to  the  roof. 

Mr.  Tarlton. — The  pipes  are  supported  by  props  at 
5  ft.  from  the  floor.  It  has  been  found  that  at  the  higher 
levels  of  the  mine  the  proportion  of  water  to  sand  had  to 
be  increased  to  3  to  1  for  effective  working,  whereas  on 
the  level  from  the  pipe  shaft  the  proportion  was  1  to  1 . 

Mr.  Entwistle. — Mr.  Tarlton  mentioned  that  some 
weight  similar  to  that  usual  on  a  long-wall  face  was  found 
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on  the  face  at  Saltore.  Did  this  affect  the  props  holding 
the  Hessian  cloth,  if  so  to  what  extent  ? 

Mr.  Tarlton. — The  props  are  set  systematically  at  6  ft. 
apart,  and  are  so  set  that  they  can  be  easily  extracted. 
So  far  no  real  weight  has  been  found  on  the  props,  but 
the  method  of  setting  adopted  has  something  to  do  with 
this. 

Mr.  Entwistle. — Then  the  weight  comes  on  the  sand 
in  the  goaf  rather  than  the  face  ? 

Mr.  Tarlton. — There  is  certainly  weight  on  the  face, 
but  the  props  are  extracted  without  any  difficulty. 

Mr.  Entwistle. — Is  the  face  laid  off  to  take  advantage 
of  the  cleats  ? 

Mr.  Tarlton. — Yes. 

Mr.  Walter  Weir. — Does  the  sand  completely  fill  up 
to  the  roof  ? 

Mr.  Tarlton. — Yes. 

Mr.  Walter  Weir. — Does  any  choking  of  the  pipes 
occur  on  the  level  ? 

Mr.  Tarlton.-— The.  natural  head,  together  with  the 
flushing  of  the  pipes,  overcomes  any  tendency  in  this 
respect.  So  far  no  instance  has  occurred  requiring  the 
opening  up  of  the  pipes  to  remove  choking.  Any  uneven- 
ness  of  flow  of  the  hydraulic  stowing  is  immediately 
apparent  to  the  man  in  charge  on  the  surface,  and  he 
immediately  cuts  off  the  sand  when  any  irregularity  in 
flow  occurs. 

The  President  in  adjourning  the  discussion  on  this 
paper  till  next  meeting,  enquired  if  Mr.  Tarlton  found  any 
difference  in  the  percentage  of  slack  too  large  in  his  system 
of  working  with  Hydraulic  Stowing,  as  compared  with 
ordinary  Bord  and  Pillar  work,  and  if  the  weight  on  his 
working  faces  affected  this  proportion  in  any  way. 
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The  President  called  upon  Mr.  W.  Simmons  to  read 
his  paper  on  "Suggestions  for  the  Improvement  of  Labour 
Conditions  at  Indian  Coal  Mines  and  for  Labour  Saving." 


Suggestions  for  the  Improvement  of  Labour 
Conditions  at  Indian  Coal  Mines  and 
for  Labour  Saving. 

BY 

W.    Simmons. 

As  a  paper  on  labour  has  already  been  read  by  Mr. 
E  C.  Agabeg  (see  Trans.  Min.  and  Geo!.  Inst,  of  India, 
Vol.  VIII,  Part  I,  IQ13),  I  do  not  propose  giving  any 
detailed  description  of  the  various  castes  or  classes  of 
labour  usually  employed,  but  will  confine  my  remarks  to  a 
few  suggestions  for  the  improvement  and  more  economical 
use  of  the  present  supply. 

The  supply  of  an  adequate  amount  of  labour  has  for 
a  long  time  been  one  of  the  most  difficult  and  tantalising 
problems  the  Indian  mining  industry  has  had  to  face. 
With  the  development  of  other  industries  in  or  near  the 
coal-fields  and  the  necessity  of  winning  coal  at  greater 
depths  the  problem  has  become  increasingly  difficult  and 
its  solution  more  imperative. 

That  there  is  an  abundance  of  unskilled  labour  in 
the  country  no  one  can  deny,  but  the  difficulty  is  to  in- 
duce it  to  settle  on  the  collieries.  In  the  areas  adjoining 
the  coal-fields  there  is  a  fair  amount  of  labour  available, 
but  it  is  of  a  transitory  nature.  At  the  time  of  planting 
the  crops  and  again  in  the  harvesting  season  there  is  a 
general  exodus,  as  the  people  are  primarily  agriculturists. 
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However  the  land  usually  cultivated  by  them  is  of  a 
poor  nature  (the  best  land  being  held  by  the  zemindars, 
landlords,  etc.)  and  does  not  provide  them  with  any- 
thing like  a  fair  living,  especially  in  bad  harvest  seasons, 
so  that  they  are  obliged  to  seek  work  elsewhere.  If 
this  labour  could  be  settled  permanently  on  the  col- 
lieries it  would  go  a  very  long  way  towards  solving  the 
problem. 

Several  individual  attempts  have  been  made  in  this 
direction  but  the}r  have  met  with  only  a  limited  amount 
of  success  owing  mainly  to  their  isolated  nature.  Various 
proposals  have  been  put  forward  from  time  to  time,  such 
as  Registration,  the  formation  of  a  Labour  Bureau  in  each 
coal-field  with  a  whole-time  official  appointed  by  Govern- 
ment, etc.,  but  so  far  none  of  these  has  materialised,  and 
up  to  the  present  no  really  well-organised  effort  has  been 
made  to  deal  with  the  problem. 

In  my  opinion  the  problem  has  become  too  difficult 
and  widespread  to  be  solved  by  any  single  firm  or  indi- 
vidual. What  is  required  is  to  settle  on  a  policy  for  each 
coal-field  or  particular  district  and  to  see  that  it  is  carried 
through.  Any  suggestions  I  have  to  propose  can  only  be 
of  use  if  this  joint  effort  is  made.  My  suggestions  for  im- 
provement are  : — 

(i)  The  more  economical  use  of  the  labour  force  at 
present  in  the  coal-fields. 

(2)  The  offering  of   sufficient  inducerhent   to  make 

it  worth  while  for  the  labour  to  settle  on  the 
colliery. 

(3)  Better  housing,  sanitation,  etc. 

(4)  Education. 

(5)  Amendment  of  the  law  relating  to  usury. 

(6)  Improved  method  of  cultivation. 
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i.  The  more  economical  use  of  the  labour  in 
the  coal-fields 

A  great  deal  could  be  done  in  this  direction  by  the 
adoption  of  a  more  up-to-date  method  of  working  and  by 
the  use  of  better  equipment.  With  the  exception  of  a 
few  of  the  larger  firms  working  coal  at  greater  depths, 
very  few  collieries,  if  any,  in  either  coal-field  are  fully 
equipped.  In  the  past  one  stereotyped  method  of  work- 
ing has  been  adopted.  After  the  shaft  pillars  arc  formed, 
and  in  the  case  of  inclines  as  soon  as  they  are  clear  of  the 
outcrop,  galleries  are  started  along  dip  and  strike,  forming 
pillars  anything  from  30  to  60  ft.  square  depending  on 
the  thickness  of  the  seam.  Every  effort  is  made  to  get 
as  many  galleries  going  as  possible  in  order  to  increase 
the  output.  In  some  of  the  more  up-to-date  ollieries 
attempts  are  made  to  put  in  tram  lines  every  second  or 
third  level,  but  in  others  tram  lines  are  only  put  in  every 
fourth  or  fifth  level.  This  means  that  all  coal  after  being 
cut  has  to  be  carried  anything  from  one  to  five  pillars 
before  being  loaded  into  the  tubs.  In  some  inclines  no 
tram  lines  are  laid  at  all,  the  coal  bein^  c  irried  from  the 
working  face  to  the  surface. 

According  to  the  report  of  the  Chief  Inspector  of 
Mines  in  India  for  1918,  the  total  number  of  mines  work- 
ing was  719  ;  367  were  worked  by  mechanical  means  and 
352  not  worked  by  any  mechanical  means.  In  the  Jharia 
field  alone  157  mines  were  worked  without  any  mechani- 
cal means.  It  is  unfortunate  that  the  report  does  not 
give  the  output  separately,  but  it  is  obvious  that  the 
amount  of  coal  thus  raised  by  manual  labour  must  have 
been  considerable.  In  these  carrying-out  inclines  coal  is 
sometimes  carried  for  long  distances  (in  Jharia  I  have 
seen  as  many  as  three  carriers  for  each  coal-cutter)  and 
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a  very  large  number  of  the  carriers  are  males,  as  the  work 
is  too  heavy  for  females.  In  any  case,  whether  the  coal 
is  carried  one  or  five  pillars  or  1,000  ft.  to  the  surface,  it 
entails  a  large  waste  of  labour.  If  the  collieries  were  set 
oat  on  more  up-to-date  lines,  main  winnings  driven  out 
in  the  first  instance,  and  the  area  to  be  worked  divided  up 
into  blocks  or  panels,  it  would  be  possible  and  practicable 
to  put  a  tram  line  into  every  working  face,  and  thus  re- 
duce the  present  waste.  It  may  be  argued  that,  as  women 
do  most  of  the  carrying,  extra  trammers  would  have  to  be 
employed,  and  the  saving  thus  effected  would  not  be  suffi- 
cient to  compensate  for  the  extra  cost  incurred.  In  my 
opinion  this  argument  will  not  hold  as  during  the  planting 
and  harvesting  seasons  few  women  are  available  and  most 
of  the  carrying  is  done  by  the  males.  Also  up-country 
labourers  rarely  bring  their  women-folk  to  the  collieries. 

A  more  generous  use  of  coal-cutting  machinery  would 
also  go  a  long  way  towards  reducing  the  present  waste  of 
labour.  While  coal-cutting  machines  are  only  in  the  ex- 
perimental stage  in  this  countiy,  they  have  proved  a 
success  in  other  countries,  and  I  feel  confident  that  the 
few  firms  who  are  at  present  installing  them  will  have  no 
reason  to  regret  it.  The  installation  of  coal  cutters  will 
mean  better  equipment,  as,  unless  a  'nine  is  otherwise 
fully  equipped,  coal  cutters  cannot  be  made  a  success. 

2.  The  offering  of  sufficient  inducement  to 
settle  on  collieries. 

It  stands  to  reason,  human  nature  being  the  same 
(at "least  in  one  respect)  the  whole  world  over,  that  before 
we  can  get  the  labour  to  leave  the  land  altogether  and 
settle  down  on  the  collieries  as  whole-time  miners,  we 
must    be  prepared    to   offer   them    a  greater    inducement 
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than  that  which  keeps  them  where  they  are.  We  must, 
therefore,  in  the  first  place,  offer  more  money.  Coal-cut- 
ting at  the  best  is  not  an  attractive  occupation,  and  la- 
bour does  not  take  to  it  readily,  also  the  margin  to-day  be- 
tween the  amount  the  labourers  can  earn  as  agriculturists 
and  what  they  can  earn  as  miners  is  not  sufficient  to  induce 
them  to  take  to  coal-cutting  as  a  whole-time  occupation. 

According  to  the  report  of  the  Industrial  Commission, 
1916,  the  wages  per  head  for  labour  employed  underground 
was  7-6  annas  per  day  and,  as  far  as  I  am  aware,  there 
has  been  no  increase  in  rates  since  then.  When  one  con- 
siders the  extra  cost  of  living  on  the  collieries  as  compared 
with  living  in  villages,  especially  if  a  man  owns  or  rents 
a  plot  of  land,  one  must  concede  that  there  is  not  suffi- 
cient inducement. 

The  margin  in  the  United  Kingdom  is  much  greater. 
Before  the  war,  miners'  wages  were  anything  from  3  to  4 
times  that  of  agricultural  labourers.  I  am  of  the  opinion 
that  an  increase  is  bound  to  come  and  that  unless  there 
is  an  increase,  it  will  never  be  possible  to  induce  the 
labour  to  settle  permanently  on  the  colliery.  Along  with 
the  offering  of  more  money,  khuraki,  bakhshish,  "grog 
money,"  etc.,  should  be  abolished.  Everything  should, 
as  far  as  possible,  be  based  on  the  price  per  tub.  Offer- 
ing khuraki,  bakhshish,  or  whatever  it  may  be  called,  is 
onl}T  an  inducement  to  the  labourer  to  extort  money 
for  doing  nothing.  In  the  past  this  has  spoiled  a  large 
number  of  labourers.  I  know  of  certain  villages  where 
the  miners  are  completely  spoiled  ;  they  will  not  work 
more  than  a  few  days  at  any  one  colliery,  but  move  from 
place  to  place,  getting  khuraki,  etc.,  every  time  they 
move.  It  is  quite  a  common  occurrence  for  recruiters 
from  two  or  three  collieries  to  be  in  the  same  village  in  as 


128      TRANS.    MINING    &    GEOL.    INST.    OF   INDIA.     [Vol.  XV. 

many  days,  each  paying  the  usual  bakhshish,  with  the 
result  that  the  miners  have  a  few  extra  days  off  to  cele- 
brate the  event.  This  can  only  be  stopped  by  joint 
action,  and  the  sooner  an  attempt  is  made  the  better. 

3.  Better  Housing,  Sanitation,  etc, 
Together  with  an  increase  in  wages  we  must  also 
offer  better  housing,  sanitation,  etc.,  and  more  of  the 
amenities  of  civilised  life.  According  to  the  report  of  the 
Committee  of  Enquiry  appointed  to  report  on  the  housing 
of  colliery  labour  in  Bihar  and  Orissa,  no  such  amenities 
exist.  To  quote  that  report — "The  Committee  is  of  opinion 
that  there  are  no  amenities  in  the  coal-field.  The  dhow- 
rahs  are  neither  beautiful  nor  healthful.  The  labourers 
enjoy  no  privacy  in  their  domestic  life.  They  have  to 
carry  their  belongings  with  them  even  down  the  mine  for 
fear  of  theft.  Their  only  pleasure  is  the  grog-shop. 
There  is  no  inducement  for  them  to  stay  a  moment  longer 
on  the  collierv  than  they  can  help."  This  is  rather  a 
serious  state  of  affairs,  and,  while  some  improvement  has 
been  made  since  the  report  was  published,  a  very  great 
deal  remains  to  be  done  before  we  can  even  approach  the 
standard  we  ought  to  attain.  I  do  not  propose,  within 
the  scope  of  this  short  paper,  to  describe  any  detailed 
scheme  for  housing  labour  but  will  give  a  rough  idea  of 
how  it  ought  to  be  housed. 

All  houses  should  be  built  at  least  a  foot  above  ground 
level  and  the  ground  should  fall  away  to  facilitate  drain- 
age. Numerous  cases  of  fever  occur  every  year  due  to 
people  living  in  damp  houses.  For  people  with  families, 
each  house  should  have  two  rooms,  at  least  12  ft.  square, 
fitted  with  doors  and  windows,  and  a  verandah  at  least 
six  feet  deep  and  extending  the  whole  length  of  the  build- 
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ing.     If  at  all  possible,  a  small  compound  wall  should  be 
built  round  the  building. 

For  single  men  or  men  living  without  their  families 
it  is  not  so  essential  that  they  should  have  the  same 
privacy,  but  rooms  should  be  from  10  to  12  ft.  square 
with  a  division  between  each  room.  The  rooms  could  be 
built  in  blocks  of  10,  with  a  verandah  and  also  a  purdah 
wall  in  front,  and,  as  in  the  family  quarters,  all  rooms 
should  be  fitted  with  doors  and  windows.  I  am  not  in 
favour  of  giving  miners  land  to  cultivate.  Give  them  a 
comfortable  house  with  privacy  and  plenty  of  air  space, 
and  a  piece  of  land  for  a  garden,  if  they  desire  it.  Give 
them  plenty  of  good  drinking  water  and  good  sanitary 
arrangements.  These  will  go  a  long  way  to  make  them 
happy  and  comfortable. 

4.     Education. 

Great  attention  should  be  paid  to  education.  At 
present  little  or  no  attempt  is  made  to  educate  the  labour. 
Miners  are  as  a  rule  illiterate  and  consequently  very  super- 
stitious, which  is  detrimental  to  their  usefulness  as  work- 
men. If  the  miner  were  better  educated  a  great  deal  of  the 
superstition  would  disappear,  as  it  is  mostly  due  to 
ignorance.     This  is  a  question  for  Government  action. 

5      Amendment  of  the  laws  relating  to  usury. 

Education,  a  more  prosperous  mining  community  and 
a  higher  standard  of  living  are  bound  to  encourage  thrift, 
but  little  progress  can  be  made  until  there  is  some  altera- 
tion in  the  laws  relating  to  usury.  It  is  a  notorious  fact 
that  a  number  of  the  labourers  are  in  the  hands  of  money- 
lenders, who  extort  an  exorbitant  rate  of  interest.  In 
times  of  bad  harvests,  special  ceremonies,  marriages,  etc., 
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the  labourers  require  money  and  have  no  one  to  turn  to 
but  the  money-lender,  who,  in  the  villages,  is  either  the 
petty  landlord  or  the  '  Mahajan.'  These  people,  therefore, 
get  a  hold  on  the  labourers,  and  can  and  do  compel  them 
to  work  for  them  at  their  own  rates.  By  amending  the 
laws  and  instituting  some  form  of  co-operative  credit  or 
state  bank  a  great  deal  of  good  could  be  done. 

6.     Improved  method  of  cultivation. 

Perhaps  to  some  people  this  may  seem  a  little  far- 
fetched, but,  as  I  have  already  stated,  a  large  number  of 
the  available  labourers  in  the  areas  adjoining  the  coal-fields 
are  agriculturists,  and  the  income  they  derive  from  the 
land  is  not  sufficient  to  give  them  a  fair  living.  They  are 
therefore  obliged  to  take  up  other  employment  between 
the  harvesting  and  cultivating  seasons.  If  anything  can 
be  done  to  shorten  their  stay  on  the  land,  it  will  be  so 
much  labour  saved  for  coal  getting.  It  has  always  struck 
me  that  the  time  taken  to  thrash  out  the  rice  crop  after 
it  has  been  cut  could  easily  be  shortened.  The  wonder  is 
that  no  one  has  tried  it.  Why  thrashing  machinery  has 
not  been  adopted  long  ago  is  difficult  to  explain  except 
on  the  ground  that  no  one  with  the  money  to  spend  has 
been  sufficiently  interested.  The  time  taken  last  year 
was  very  long  as  the  crop  was  abundant.  A  large  number 
of  our  miners  were  engaged  in  thrashing  paddy  at  least 
two  months  after  it  had  been  gathered  in.  I  feel  certain 
that,  if  thrashing  machinery  had  been  in  use  last  year,  we 
could  have  got  two  months'  extra  work  out  of  our  village 
labour.  There  should  be  no  difficulty  in  using  a  portable 
engine  with  a  light  machine.  The  crop  could  then  be 
thrashed  either  in  the  field  or  in  the  village. 

Tractors  could   also  be  used  for  ploughing.     It  would 
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pay  some  of  the  bigger  firms  who  have  large  zemindaris  to 
give  this  suggestion  a  trial.  Failing  that,  Local  Govern- 
ments might  be  induced  to  give  assistance  in  purchasing 
a  few  machines,  which  could  be  tried  in  or  near  the  coal- 
fields. A  small  charge  could  be  made  for  the  use  of  the 
machine,  and  the  coal  companies  could  pay  the  necessarv 
staff,  the  latter  being  a  small  amount  compared  to  what 
they  have  already  to  spend  in  recruiting. 

DISCUSSION. 

The  President  proposed  a  vote  of  thanks  for  the  very 
inteiesting  paper  and  agreed  with  Mr.  Simmons  in  his 
remarks  that  miners  in  this  country  were  underpaid.  He 
had  always  held  strong  views  on  this  subject,  and  con- 
sidered that  the  shortage  of  labour  this  year  was  very 
largely  due  to  the  fact  that  wages  to  be  earned  in  the  coal- 
fields did  not  offer  sufficient  inducement  to  the  miners,  who 
were  primarily  agriculturists,  to  leave  their  villages  for 
an  occupation  so  uninviting  as  mining.  He  referred  to 
Mr.  Simmons'  quotation  as  a  dreadful  one,  and  hoped  such 
conditions  would  soon  change  for  the  better.  The  Mines 
Board  of  Health  had  done  good  work  in  this  direction  and 
he  considered  the  Chief  Sanitary  Officer  would  do  even 
better. 

Regarding  Education  the  President  dissented  with 
Mr.  Simmons  in  his  remarks  that  this  is  a  question  for 
Government  action,  and  instanced  the  work  done  in  the 
Giridih  Coal-field,  giving  statistics  in  support  of  this.  It 
was  quite  evident  that  Government  action  was  not  needed 
in  Giridih,  and  if  the  larger  firms  would  interest  them- 
selves in  this  matter  there  would  be  no  need  in  the  other 
fields. 

Mr.  Mackie  briefly  seconded  the  vote  of  thanks. 
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The  President  invited  Dr.  Thompson  to  give  his  views 
on  the  paper. 

Dr.  Thompson  said  that  he  would  like  to  follow  the  sug- 
gestions for  improvement  embodied  in  the  paper  in  rotation. 
Xot  being  a  mining  man  he    felt  he   could   not   say 
much  on  the  economic  use  of  labour. 
Ec°nub'o"r  ""  °f         but>  viewing  the  subject  from  the  out- 
side, he  most  certainly  had  been  struck 
with  the  uneconomical  methods  adopted. 

He  doubted  very  much  if  the  day  had  not  passed  when 
T  .  ,         sufficient  inducement    to  settle  could 

Inducement  to  settle. 

be  offered  to  labour.  The  surface  of 
the  land  in  the  coal-fields  was  spoilt  by  the  mining  methods 
adopted,  and  land  in  the  coal-fields  available  for  building 
and  cultivation  thus  considerably  reduced.  He  appealed 
to  Mr.  B.  A.  Collins  to  use  his  influence  with  Govern- 
ment, to  prevent,  in  the  newer  coal-fields,  that  appalling 
waste  of  the  surface  which  is  the  rule  on  the  Jharia  field. 
The  best  solution  of  the  labour  question  appeared  to  him 
to  be  the  housing  of  labour  in  model  villages  off  the  coal- 
field, and  the  daily  conveyance  of  the  miners  to  and  from 
the  collieries. 

The  President  agreed  with  Dr.  Thompson  in  this,  but 
adhered  to  his  opinion  that  greater  wages  should  be  paid 
the  miners. 

Dr.  Thompson  did  not  agree  that  greater  wages  were 
necessary,  as  under  present  conditions  the  miners  had  no 
decent  housing  conditions,  and  their  only  enjoyment  in 
life  was  found  in  the  grog-shop.  More  money  meant  more 
drink,  with  its  attendent  evils. 

Dr.  Thompson  explained  the  clauses  of  the  new  Mining 
Settlement  Act,  the  aim  of  which  is  a 

Better  housing.  , 

betterment  of  the  housing  of  labour. 
This  Act  is  bound  to  result  in  good,  and  he  would  see 
that  its  regulations  were  enforced ;  the  Act   was   a  pro- 
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gressive   one  and   should   help  considerably   towards    the 
solution  of  the  housing  problem. 

Mr.  Simmons  had  not  referred  to  an  important  con- 
sideration,   namely,  the  improvement 

Sanitation.  ,        ,  ,  "  „ 

of  the  health  of  labour.  The  health 
of  labour  is  a  vital  consideration,  and  he  stated  that  for 
every  death  from  malaria  it  was  calculated  that  300  work- 
ing days  were  lost.  Whilst  on  this  subject,  he  stated  his 
opinion  that  the  Doctor-babus  should  not  be  under  the 
charge  of  Colliery  Managers,  whose  training  could  not 
possibly  give  them  the  knowledge  necessary  to  enable 
them  to  judge  whether  a  Doctor-babu  was  proficient  in 
medical  science  or  not. 

Something  must  be  done  to  fight  the  ravages  of  the 

Hookworm    parasite,   and  the  Jharia 

Hookworm. 

Mines  Board  of  Health  had  appointed 
two  qualified  Doctor-babus  who  were  engaged  in  instruct- 
ing Colliery  Doctor-babus  in  the  treatment  of  Hookworm. 
The  treatment  was  very  simple,  and  the  ordinarv  intel- 
ligent  Doctor-babu  should  find  no  difficulty  in  its  success- 
ful application  to  patients. 

The  intemperance  amongst  miners  was  slowly  sapping 

their  vitalit}',    and    undoubtedly   the 

present   policy   of   pushing  the  sale  of 

country  spirit  as  against  that  of  the  miners  ordinary  drink 

of  rice  beer,  was  a  bad  one.     In  this  matter  it  would  be 

difficult  probably  to  move  Government. 

Dr.    Thompson   considered  that  labour   should  most 
_  ,  _  certainlv  be  granted  sick  payment  on 

Sick  Payment.  .  ^    J 

medical  certificate.  It  was  whilst  a 
man  was  sick  that  he  most  needed  money,  and  if  this 
were  not  forthcoming,  his  health  might  be,  and  often 
was,  permanently  effected  and  his  economic  value  lowered. 
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He  considered  a  move  in  respect  of  education  should 
be    made    by   the  industry  and  that 

Education. 

the}"  should  not  wait  for  Government. 
He  agreed  with  Mr.  Simmons  regarding  usury  and  in- 
stanced an  experience  of  his  own  with 

Usury. 

his  sweepers  and  Kabulis.  Dr.  Thomp- 
son considered  Colliery  Managers  should  take  a  greater 
interest  in  this  subject  and  that  they  should  not  permit 
Kabulis  on  to  their  Collieries. 

The  President  then  adjourned  the  meeting. 
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PLAN    ILLUSTRATING 

Mr.  THOMAS   PAPER  ON  THE  CORRELATION 
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MINING  AND  GEOLOGICAL  INSTITUTE  OF  INDIA- 

Trans..  Vol.  XV,  PI. 8. 
E.  H.  Roberton:    Proposed  Method  of  working  a  highly -inclined  thick  seam  of  coal 


Fig.  II.    Section  of  seam  through  a  crut 
and  winze. 

The  cruts  are  driven  wide  enough  for  two  tram 
lines,  so  as  to  ac*:  as  sidings.     They  are  heightened,  a 
short  way  in,  to  eight  feet,  to  allow  of  a  brake  drum 
being  fitted  overhead. 

Scale  : — 40  feet  to  one  Inch 
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E.  H.  Robbkton  :  Proposed  Method  of  working  a  highly -inclined  thick  seam  of  coal. 


Fig.  III.     Commencing   Coal 
extraction  for  output 

The  bottoms  of  winzes  are  joined 
across   the  full  20-feet.      The  coal  face 
is   sloped   at    1   in   }§.      Sand-packing    is 
begun  as  shown. 

The    coal   at   the  start  which  is  not  bal- 
anced by  sand  coming  down  is  taken  out  through 
the  lower  crut 

Scale  : — 20  feet  to  one  Inch. 
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E.  H.  Roberton  :  Proposed  Method  of  working  a  highly-inclined  thick  seam  of  coal. 


Pig.  IV.    Section  of  seam  about  midway 
between  winzes. 

Canch  to  be  shot  down  shewn  crosshatched  in 
white.     Packing  up  to  about  4}  feet  from  underside  of 
canch. 

Scalb  : — 40  feet  to  one  Inch. 


£ 

> 

x 

> 
■ 


V 

V 

4S 

43 

$ 

a 

M 

CI 

a 

u- 

,2 

^#< 

o 

'f- 

cd 

X 

O 

vO 

a 

« 

•*-» 

0 

3 

o 

a 

U-i 

O 

1/1 

% 

ll 

,  j 

43 

■S3 

CI 

a 

> 

a) 

a 

O 

2 

£ 

<j 

+• 

60 

a 

— 
41 

a 

e 

u 

a 
*— i 

4= 

H 

d 

« 

a 

a 

_ 

O 

& 

> 

o 

a 

01 

'£ 

43 

o 

15 

c 

w 

43 

I 

a 

-t-* 

01 

ai 

•* 

a 

* 

■4-J 

V 

> 

3 

J8 

o 

in 

00 

*— < 

e 

IV 

44 

JLj 

u. 

o 

V 

43 

**-. 

+- 

o 

JS 

c 

0) 

« 

43 

O 

"a. 

a 

•2 

"ra 

Va 

e 

o 

^. 

a 

"€ 

o 

-o 

a> 

**■! 

« 

> 

s 

43 

5 

a 

> 

it 

o 

C 

S 

a 

0 

a. 

4* 

•6 

| 

a 

CJ 


K 

o 

> 


c 


a 


O 
m 

H    -a 

o 

CI 


CO 


O  | 

O  5 

O  I 

o  I 

lu  a 

O  1 


O 


o 
o 

Z    -8 

Z     t 
—    s 

o 
a 
o 


2 

8 

a: 
w 

ea 
O 
« 


•a 
•55 

« 

01 

s 

> 

ci 


s  i 

1  - 

o 

to  a 

Oil  o 

I  ° 

en  w 
u 

"5  8 

•3  I 

to 

rT  B 

|  5 

■Z  o 

01 


C 

o 


o 

X 


i 


a 


MINING  AND  GEOLOGICAL  INSTITUTE  OF  INDIA. 

Trans.,  Vol  XV,  PI.  13. 

E.  H.  Robbkton  :  Proposed  Method  of  working  a  highly-inclined  thick  seam  of  coal. 


Fig.  VII.     In  the  case  of  a  seam  dipping 
at  650,  the  slope  of  the  coal  face  would  be  about 
1  in  4J.     The  overhang  of  the  top  coal  will  be  less 
pronounced  as  the  angle  of  dip  becomes  steeper. 

Scale  : — 40  feet  to  one  Inch. 


H. 


OF   INDI 


E 


H.  M.  Tailton  :  Hydraulic  packing  m  thick  coal 


MINING    AND    GEOLOGICAL    INSTITUTE    OF    INDIA. 


Ttuu,  VoL  XV,  PI.  14. 


MINING   AND  GEOLOGICAL  INSTITUTE   OF  INDIA. 


H.  M.  Tarlton  :  Hydraulic  packing  in  thick  coal  ttuas. 


Tvwis.,  VoL  XV,  PI.  is. 


Plan    shewing    6d'x7o'    Pillar,  with    one   2o'  width    stoweo.  one    20     wioth    being    stowed, 
ano    Machine    cutting    ow     the    remaining     portion     or    Pillar. 

Roof     TIM6ERS     ARE     SET      EVERS        6-6  .     NOTE     THAT    THE      SCREEN       TIMBERS      ARE     REMOVEO      FROM      PREVIOUS      STOW      AS     THE       NEXT       STOW      ADVANCES. 

Horuontal       3ei.Lt     ibFeet-iInch 
Vertical         scale     izFeet  -  (Iiich. 


i 


1 

i 

3 

....         , 

'i 

J         ■ 

.■' 

"i 

"i 

j 

*              *j 

j 

1 

•  •  '•  "'. 

J 

"i        ' 

i 
*. 

- 

■■./v.:' 

j 

j 
1 

5 

■i 

t. 

,'.','  :*-' 

si"" 

D 

if '  "— 

_;_ 

',£'*'•  " 

i 

-     -"./"    *\ 

* — V"*! 

£•':•: 

H.  M.  T 


Trans.,  Vol.  XV,  PI.  16. 


— ^A^*— .**        **, 


CO 

QC 

<t 

_l 

_) 

UJ 

(L 

z 

C3 

X 

z 

< 

£ 

5 

o 

t- 

>- 

VI 

CO 

□ 

z 

*-> 

t 

40 

o 

o 

a: 

z 

< 

Jt 

o 

O 

u. 

UJ 

o 

cc 

< 

Q 

o 

<A 

I 

r 

H 

f- 

Uj 

(J3 

2 

Z 

UJ 

o 

_J 

z 

1 

X 

-J 

69 

d 

_ 

z 

< 

UJ 

MINING  AND   GEOLOGICAL   INSTITUTE   OF  INDIA. 

H.  M.  Taklton  :  Hydraulic  packing  in  thick  coal  seams. 


Trans.,  Vol.  XV,  PI.  16. 


OLD  8T0W/NG 


SCA  LL        60F-Z    =    /  ,ftCH 


_  ^ '_  '_   '_  '_■  t 


OOP  00  O  Q  O  O  OVO  OQOOOOUOOO  o  o  Q  u  QOOQOO  O  OOOOOO  Q  O  O  O .  -. :  > '':. "'. 

fo6oo  0  4  ooo  o^b  oooo  o  o  o  o  o  oo  u  o  o*t>"  ooocoo  ooooooooo  o' ■•'■'-:  j'-r- 


-I 

c 

z 


</) 

a 

z 

ID 

z 

o 
5 


x 
o 
< 

2 

>- 

03 


O 

o 

< 

(- 

O 


1  * 

1  X 
1-  h- 

2  Z 


z 

s 


5 

-J 


a.     u 


INDIA. 

Trans.,  Vol.  XV,  PI.  17 


lia. 


une. 


n  of 

the 

tria- 

rjee, 
itta- 
jha, 
itra, 
H 

at 
wn 
he 


en 

ie 
ot 


MINING   AND    GEOLOGICAL   INSTITUTE   OF   INDIA. 


H.  M.  Tahlion  :  Hydraulic  packing  in  thick  coal  seams. 


Tran..,  Vol.  XV,  PI.  17 


SECTION 
DOUBLE     HOPPER   BOTTOM  BUNKER    ISxaoktd' 
CAPACITY    373  CUBIC  YAROS 


Waoi.a,«»     P*WtB     »vi«-  top     of      »«w«»i 
S101     Tioma      tm«»      *M       ult» 


Cransactions 

of  the 

mining  and  geological  Institute  or  India. 


Part  3/  1921.  June 


Geological  Excursion. 

Held  on    Monday,   the   nth  October,    1920. 

On  the  nth  October,  1920.  a  geological  excursion  of 
members  of  the  Institute  was  arranged  to  examine  the 
outcrops  in  the  vicinity  of  Godhur,  Gandudih,  and  Dharia- 
joba.     The  following  members  and  visitors  attended  : — 

Mr.  R.  R.  Simpson  (President),  Messrs.  S.  X.  Bhattacharjee, 
R.  Barrowrnan,  S.  K.  Banerjee,  B.  K  Bose.  K.  K.  Baksi,  P.  N.  Bhatta- 
charjee, P.  B.  Davis.  F.  B.  Foster,  W.  H.  Goldsworthy,  M.  C.  Guha, 
Jhaverilal  K.  Dholakia,  P.  Judge;  —  Kitchen,  J.  Kirk.  S.  N.  Mitra, 
H.  C.  Martin,— Orr.  N.  H.  Oiha,  Dr.  E.  H.  Pascoe,  Messrs.  E.  H 
Roberton.  D.  D.  Thacker,  E.  Whitehouse  and— Wallace. 

The  party  met  at  8-30  on  the  Dhanbad-Katras  road  at 
the  turning  for  Kusunda  Station.  Here  they  were  shown 
the  Godhur  colliery  plans,  on  which  were  indicated  the 
outcrops  of  Xos.  9,  10,  n  and  12  seatns. 

The  party,  under  the  guidance  of  the  President,  then 
proceeded  underground  in  the  Godhur  collier}-  No.  10  seam, 
noticing  on  their  way  the  fault  in  the  cutting  for  the 
incline.     East  of  the  dvke-fault  thev  examined  the  12-foot 


13(1   TRANS.  MINING  &GEOL.  INST.  OF  INDIA.  [Vol.  XV,  1921] 

section,  and  passed  through  the  fault,  notingthe  disturbance 
and  burning  caused  by  it.  Having  examined  the  section 
(25  feet  thick)  west  of  the  dyke-fault  they  returned  to  the 
surface  at  No.  4  incline  close  to  Kusunda  Station. 

Westwards  along  the  railway  line  they  examined  the 
outcrop  of  No.  10  seam  in  the  cutting,  and,  returning  east- 
ward along  the  cutting  for  West  Godhur  siding,  examined 
the  section  there  exposed.  They  then  proceeded  under- 
ground in  West  Godhur  colliery,  and  examined  the  section 
of  the  seam. 

Once  more  on  the  surface  they  examined  the  fault  in 
an  unworked  incline,  noticing  the  presumed  splitting  of  the 
coal  seam,  and  followed  the  outcrop  of  the  West  Godhur 
seam  into  Gandudih.  They  then  proceeded  to  Dhariajoba 
and  going  underground  by  the  west  incline,  examined  the 
sections  of  seams  worked  to  the  rise  of  the  fault,  noted 
the  dykes,  walked  eastward  underground  to  the  haulage 
incline,  passed  to  the  dip  through  the  fault,  noticing  the 
disturbance  of  the  seam,  and  examined  the  section  of  the 
seam  on  the  dip  side  of  the  fault. 

The  party  then  returned  to  the  surface  and  walked 
to  the  bungalow  of  the  Assistant  Manager  of  the  East 
Indian  Coal  Co.,  Ltd.,  noting  on  the  way  the  effects 
of  burning  on  the  surface  rocks.  At  the  bungalow 
Mr.  G.  S.  Martin,  Manager  of  Kendwadih  colliery,  kindly 
provided  light  refreshments. 

For  reference  to  the  geological  details  of  this  excur- 
sion, see  the  maps  illustrating  Mr.  Thomas'  paper  "  Note 
on  the  Correlation  of  the  Gandudih,  Dhariajoba  and  West 
Godhur  seams,  Jharia  coal-field,"  '  and  Mr.  Simpson's 
remarks.1 

1   Trans.,  Min.  Geol.  Inst,  of  Ind.,  Vol.  XV,  pp.  6S  and  74. 


Meeting  at  Asansol. 

Meld  on  Monday,    November  ist,    1920.- 

The  fifth  Ordinary  General  Meeting  of  the  Mining 
and  Geological  Institute  of  India  was  held  at  the  Railwav 
Institute,  Asansol,  on  Monday,  the  ist  November,  IQ20, 
at  10-30  a.m. 

Present : — Mr.  R.  R.  Simpson,  President  (in  the  chair),  Messrs. 
D.  M.  Archibald,  S.  K.  Banerjee.  R.  Barrowman,  Jas.  Bullock,  E  B. 
Davenport,  D.  L.  Edwards,  J.  R.  Farrar,  W.  H.  Goldsworthy,  T-  G- 
Harding,  Jhaverilal  K.  Dholakia,  Geo.  Jackson,  J.  Kirk,  H.  Lancaster, 
J.  H.  Lang,  G.  C.  Lathbury,  E.  H.  Roberton,  X.  N.  Sarkar,  D.  Sellers, 
S.  H.  Shah,  \V.  Simmons,  D.  D.  Thacker,  H.  M.  Tarlton,  Dr.  G.  W. 
Thompson,  and  Mr.  \V.  Weir. 

The  minutes  of  the  last  ordinary  general  meeting  held 
at  Jharia  on  the  13th  September,  1920,  were  read  and 
confirmed.  Discussions  on  the  following  papers  read  at 
previous  meetings  were  closed  : — 

(a)  Proposed    method    of   working  a   Highly-Inclined 

Thick  seam  of  Coal.     By  E.  H.  Roberton. 

(b)  Suggestions  for  the  Improvement  of  Labour  Condi- 

tions  at    Indian   Coal   Mines,  and  for  Labour 
Saving.     By  W.  Simmons. 

The  discussion  on  the  f  ollowing  papers  was  resumed  and 
further  discussion  was  postponed  till  the  next  meeting  : — 

(a)  Notes  regarding  proposed  Sand  Packing  at  Ram- 

nagar.     By  C.  A.  John  Hendry. 

(b)  Note  on  the  Correlation  of  the  Gandudih,  Dharia- 

joba  and  West  Godhur  seams,  Jharia  Coal-field. 
By  J.  Thomas. 


138     TRANS.   MINING    &    GEOL.    INST.    OF   INDIA.     [Vol.  XV, 

(c)  Hydraulic   Packing  in  Thick  Coal  Seams.     By  H. 

M.  Tarlton. 

(d)  Preliminary   note    on   the    Ventilation   of  Indian 

Mines.  By  F.  L.  G.  Simpson. 
Mr.  N.  N.  Sarkar  then  read  his  paper  on  "  The  Extrac- 
tion of  Pillars  in  a  Thick  Seam  in  the  Jharia  Coal-field."  A 
vote  of  thanks  was  passed  to  the  author  for  his  paper  and 
carried ;  the  paper  was  then  partially  discussed,  and 
further  discussion  adjourned.  The  other  papers  on  the 
agenda  were  postponed  for  reading  at  the  next  meeting. 

DISCUSSION   ON   Mr.    C.    A.    JOHN   HENDRY'S 

PAPER,   "NOTES  REGARDING  PROPOSED 

SAND-PACKING  AT  RAMNAGAR."  L 

Mr.  W.  Weir  said  that  he  had  read  with  interest  the 
subject  matter  of  Mr.  Hendry's  paper  as  he  himself  was 
then  engaged  in  introducing  a  system.  This  system,  then 
being  adopted,  however,  Avas  not  exactly  on  the  lines  pro- 
posed in  the  paper,  but  was  dependent  on  a  haulage  to 
the  river  bed,  the  sand  being  drawn  to  bore-holes  at 
points  suitable  for  the  tram  line  and  as  far  to  the  rise 
side  of  the  workings  as  possible.  An  interesting  feature  in 
Mr.  Hendry's  scheme  was  the  putting  up  of  a  bore-hole 
from  below  the  bed  of  the  river.  This  he  (Mr.  Weir) 
considered  dangerous  as  there  was  about  70  feet  of  sand 
in  the  river.  He  considered  it  doubtful  whether  in 
Mr.  Hendry's  scheme  the  head  available  would  be  sufficient 
to  carry  the  packing  to  the  higher  workings  from  a  bore- 
hole in  the  river.  There  was  some  doubt  moreover  as  to 
how  the  sand  would  behave  when  being  transported  along  a 
level   road   where   the   head   was    112    feet    or   less.     He 


1  Trans.,  Min.  Geol.  Inst.  Ind.,  Vol.  XIV,  p.  108  ;  Vol.  XV,  p   60. 
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considered  a  slushing  process  down  bore-holes  out  with 
the  river  worth  a  trial  ;  so  far  not  much  progress  had 
been  made,  but  within  the  next  few  months  some  results 
would  probably  be  available  for  communication  to  the 
Institute. 

DISCUSSION   OX   Mr.  J.  THOMAS'    PAPER,   "NOTE 

OX  THE  CORRELATION  OF  THE  GANDUDIH, 

DHARIAJOBA    AND    WEST    GODHUR 

SEAMS,  J H ARIA   COAL-FIELD."  l 

The  following  two  notes  were  contributed  by 
Mr.  J.  Kirk  .— 

"  (i)  With  reference  to  the  inspection  carried  out  on 
the  Gandudih  section  on  Monday,  the  nth  instant,  I 
confirm  my  verbal  remarks,  namely  that  the  large  fault 
which  displaces  and  brings  seams  Nos.  9  and  10  practically 
together  on  the  north  side  of  Kusunda  Station,  cuts  across 
the  mouth  of  Raha's  incline  and  brings  No.  10  seam  and 
No.  12  seam  practically  together.  An  inspection  of  Raha's 
incline  will  shew  that  on  the  south  side  is  No.  10  seam 
while  the  incline  itself  is  in  No.  12  seam.  The  fault  to  the 
north  of  the  incline  brings  up  No.  n  seam  opposite  No.  12 
seam,  and  the  outcrop  which  is  visible  in  Kusunda  Station 
is  either  No.  12  or  No.  n  seam  ;  personally  I  think  it  is 
No.  11  seam.  No  fault  exists  between  Dhariajoba  and 
Gandudih.  This  explanation,  I  am  certain,  clears  up  the 
points  in  dispute,  and  confirms  Mr.  Thomas'  statement  that 
Gandudih  is  working  No.  10  seam.  A  small  sketch  is 
enclosed  to  clear  up  the  statement  (Plate  18).  This  also 
explains  what  appears  to  be  a  continuous  outcrop  of  No.  10 
seam  from  the  Dhanbad  road  through  to  Kusunda  Station. 


Trans.,  Min.  Geol.  Inst.  Ind.,  Vol.  XV,  p.  68. 
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"  (2)  With  reference  to  the  correlation  of  the  seams 
between  the  District  Board  Road  and  Kusunda  Station, 
I  have  been  over  the  ground  again,  and  have  arranged  for 
Mr.  Taylor,  Chief  Surveyor,  Kustore  collieries,  to  make  a 
detailed  survey.  I  am  now  quite  confident  that  there  is 
no  No.  10  seam  mine  between  the  District  Board  Road 
and  Kusunda  Station.  The  large  fault  which  is  visible 
in  the  haulage  incline  to  the  west  of  the  District  Board 
Road  is,  I  am  certain,  the  same  fault  which  is  visible  in 
Dhariajoba  incline.  What  really  happens  is  that  in  this 
incline  they  have  No.  10  seam,  but  in  the  carrying-out 
incline  on  the  north  side  of  the  District  Board  Road  they 
are  working  No.  11  seam.  We  have  put  a  drill  hole  in  this 
incline  on  the  south  side  of  the  main  dip  ;  when  down 
12  feet  it  proved  4  feet  of  stone  and  8  feet  of  coal.  This 
is  undoubtedly  No.  11  seam  below  No.  12,  and  will  show 
the  same  section  as  found  in  outcrop  workings  at  Dharia- 
joba. Another  point  is  that  in  a  few  weeks  we  shall  be 
able  to  verify  completely  this  statement,  as  the  manager 
is  driving  a  gallery  from  his  pit  sunk  in  No.  10  seam 
to  the  west  of  the  incline  under  discussion,  which  will 
ultimately  cut  through  the  fault  and  connect  up  with 
his  incline  which  is  mining  Nos.  12  and  11  seams. 

The  following  note  and  tracing  (Plate  19)  were  further 
received  from  Mr.  J .  Kirk  : — 

"Had  Mr.  Thomas  included  the  Godhur  outcrops  and 
sections  in  his  plans,  I  do  not  think  his  paper  or  state- 
ments could  have  been  questioned.  The  inspection  car- 
ried out  by  the  President  and  party  should  have  com- 
menced from  the  incline  to  the  south  of  the  Dhanbad 
Road.  Facing  west  the  large  upthrow  fault  is  clearly 
visible  in  the  mouth  of  the  incline.  The  open  cutting  in 
this  incline  is,   I   think,   in  either  No.  11  or  No.  12  seam 
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and  partly  in  Xo.  10  seam.  The  upthrow  fault  can  be 
correlated  with  the  one  cut  through  in  the  East  India 
Coal  Co.'s  Dhariajoba  incline.  The  coal  mined  in  the 
incline  to  the  north  of  Dhanbad  Road  has  neither  the 
same  appearance  nor  the  same  thickness  as  that  to  the 
south,  and  I  have  put  it  down  as  Xo.  n  seam.  The 
haulage  incline  close  to  Kusunda  Station  I  have  put  down 
as  working  Xos.  12  and  n.  The  top  seam  is  very  char- 
acteristic of  Xo.  12  with  the  usual  hard  sandstone  be- 
tween it  and  Xo.  n.  The  12  ft.  drill  hole  put  down  has 
proved  8  ft.  of  coal  below  this  parting.  The  fault  cut 
through  to  the  north  of  the  incline  is  not  a  large  one,  but 
brings  up  Xo.  11  seam  opposite  Xo.  12  A  small  air  shaft 
put  down  in  the  Kusunda  Station  quarters  proved  8  ft. 
of  Xo.  12  seam  above  Xo.  11.  The  outcrop  visible  in 
the  Kusunda  Yard  is  that  of  Xo.  11  seam.  If  it  had 
been  Xo.  10,  as  stated  on  the  site  by  the  President, 
the  bottom  portion  would  have  been  visible  on  the  east 
side  of  the  yard ;  but  the  cutting  shows  16  ft.  of  hard 
rock.  The  thickness  of  Xo.  10  seam  is  about  48  ft.,  and 
the  dip  io°.  The  breadth  of  Kusunda  Yard  is  about  300 
ft.,  which  I  think  clearly  proves  that  the  visible  outcrop 
cannot  be  Xo.  10  seam.  The  large  upthrow  fault  should 
be  traced  to  the  east  and  west  of  the  parts  covered  by  the 
tracings,  as  it  is  quite  probable  that  the  seam  shown  as 
Xo.  9  to  the  east  of  the  area  under  discussion  is  a  throw- 
back of  Xo.  10. 

The  President  said  that  he  considered  Mr.  Kirk's  in- 
terpretation of  the  lie  of  the  seams  to  be  probably  the 
correct  one.  He  himself  had  pointed  out  the  fault  at  the 
beginning  of  the  excursion  meeting,  but  did  not  realise 
that  its  throw  was  as  considerable  as  it  appeared  to  be. 

Mr.  F.  L.  G.  Simpson  said  that  he  considered  it  re- 
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markable  that  the  discrepancy  in  correlation  had  been 
brought  to  light  only  by  actual  underground  work- 
ing. 

Mr.  W.  Weir  said  that  a  contoured  map  would  be  of 
great  help  and  suggested  that  the  various  collieries  might 
continue  to  transfer  the  contours  of  their  properties  on  to 
the  four-inch  map,  the  levels  to  be  taken  from  Govern- 
ment Bench-marks  above  Sea  Level. 

DISCUSSION   OX   Mr.    H.    M.    TARI/fON'S   PAPER, 

"HYDRAULIC   PACKING   IN   THICK   COAL 

SEAMS."  ' 

Mr.  R-  Barrowman  asked  Mr.  Tarlton's  opinion  as  to 
the  effect  produced  on,  say,  No.  15  seam,  if  the  pillars  in 
No.  14  seam  were  extracted  in  conjunction  with  hydraulic 
stowing.  Did  he  consider  that  the  pillars  in  No.  15  seam 
would  be  injured  ? 

Mr.  Tarlton  said  that  in  his  opinion  any  movement 
on  pillars  would  tend  to  cause  these  to  collapse,  unless 
they  were  very  large. 

Mr.  W.  Weir  asked  Mr.  Tarlton  what  arrangements, 
if  any,  had  been  made  with  regard  to  fixing  a  royalty  on 
the  sand  in  use.  This  point  had  been  raised  in  Mr. 
Treharne  Rees'  report.  He  (Mr.  Weir)  thought  that  no 
royalty  should  be  levied,  as  the  property  was  increased 
in  value  by  its  use.  He  also  asked  what  effect  a  lining  of 
porcelain  had  had  in  reducing  the  wear  of  the  pipes  at  the 
bends.  It  was  unfortunate  that  Mr.  Tarlton  had  not  in- 
cluded the  cost  of  pumping.  To  have  successful  hydraulic 
packing  a  great  deal  depended  on  the  working  head, 
and  it  was  interesting  to  know  that  Mr.  Tarlton,  with  a 
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depth  of  121  feet,  was  getting  good  results  along  a  strike 
gallery  which  inclined  14  feet  in  1,000. 

Mr.  Tarlton  replied  to  Mr.  Weir's  queries  by  post 
as  follows  : — 

A  small  annual  rent  is  paid  for  taking  sand  from  the 
river  bed  but  no  tonnage.  As  the  surface  rights  in  this 
case  do  not  go  with  the  mineral  rights,  we  cannot  claim 
that  the  surface  of  the  propert}^  is  improved. 

The  cost  of  porcelain-lined  pipes  is  very  high  and, 
with  the  exception  of  a  few  cases  on  the  continent  of 
Europe,  they  have  been  discarded  as  being  too  costly. 
At  the  present  time  80,000  tons  of  sand  have  passed 
through  a  pipe-line  with  120  feet  vertical  head  without 
any  bend  trouble.  Another  plant  has  commenced  opera- 
tions with  a  vertical  head  in  the  shaft  of  650  feet,  using 
cast  iron  bends  of  which  I  shall  be  pleased  to  give  any 
member  information  after  the  plant  has  been  running  for 
some  time. 

As  regards  cost  of  pumping  I  regret  that  I  am  not 
able  to  give  definite  costs  as  the  pumps  used  for  sand 
stowing  are  also  used  for  pumping  the  ordinary  mine 
water. 

Mr.  W.  Simmons  asked  Mr.  Tarlton  what  sort  of  bends 
he  used  at  the  bottom  of  the  bore-hole  and  if  he  had  any 
experience  of  bends  with  steel  sheeting  or  porcelain. 

On  Mr.  Tarlton' s  replying  that  the  bends  were  of  cast 
iron,  Mr.  Simmons  then  asked  if  they  were  made  in  the 
country  or  got  especiallv  out  from  England.  He  also 
asked  if  the  bends  did  not  hole  through  quickly,  as,  in  his 
own  experience,  these  bends  did  not  last  any  length  of 
time. 

Mr.  Simmons  asked  if  Mr.  Tarlton  had  any  experience 
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of  the  pipe  just  immediately  beyond  or  below  the  bend 
holing  through,  as  he  had  had  trouble  with  this  pipe 
holing  through  just  about  5  or  6  feet  beyond  the  bend. 

Mr.  Simmons  asked  Mr.  Tarlton's  opinion  regarding 
the  feasibility  of  lowering  the  sand  in  tubs  in  the  winding 
shaft  instead  of  flushing  it  through  pipes  as  in  his  paper. 
The  reason  for  raising  the  point  was  that  at  one  colliery  it 
was  proposed  to  do  sand-stow  workings  at  a  depth  of  1,500 
feet.  The  seam  worked  was  giving  very  little  water  and  the 
pumping  plant  on  hand  was  only  capable  of  dealing  with 
the  quantity  given  off.  To  flush  sand  into  the  workings 
through  a  bore-hole  from  the  surface  would  mean  a  consi- 
derable increase  in  the  water  to  be  dealt  with  ;  trouble 
also  with  the  bend  at  the  bottom  of  the  bore-hole  was 
feared.  It  was  therefore  suggested  that  the  sand  should 
be  taken  down  in  tubs.  This  would  mean  a  considerable 
saving  of  power  both  in  pumping  and  winding. 

Mr.  Weir  asked  how  large  a  gap,  if  any,  was  left 
between  the  packed  sand  and  the  roof. 

Mr.  Tarlton  replied  that  the  space  was  filled  up 
entirely. 

Mr.  W .  Simmons  said  that  in  his  work,  if  the  galleries 
were  "level,  there  was  a  gap  left  of  18  inches  which  could 
not  be  filled  up.     The  head  of  the  pipes  was  400  feet. 

Mr.  R.  R.  Simpson  said  that  he  had  enquired  at  Moh- 
pani,  Central  Provinces,  where  they  have  partially  dry 
packing  and  partially  open  goaf.  This  had  been  carried 
out  over  large  areas,  and  they  had  had  no  subsidence  at 
all.  At  Ballarpur  also  in  the  Central  Provinces,  where  a 
very  large  area  had  been  hydraulically  packed,  no  subsi- 
dence had  yet  been  detected.  The  thickness  of  coal  worked 
was  10  feet  only,  and   ribs  of  coal,  three  feet  thick,  were 
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left  unworked   in  every  pillar.     In  both  cases  the  cover 
was  about  500  feet. 

DISCUSSION  OX  Mr.  SIMMONS'  PAPER,   "SUGGES- 
TIONS  FOR   THE   IMPROVEMENT   OF   LABOUR 
CONDITIONS    AT    INDIAN    COAL   MINES, 
AND    FOR    LABOUR    SAVING."1 

Mr.  J .  Kirk  said,  provided  that  conditions  were  good- 
good  ventilation,  good  housing,  good  water-supply,  and 
tram-lines  laid  well  up, — there  was  no  difficulty  in  obtain- 
ing labour.  In  regard  to  the  employment  of  women,  he 
would  like  to  mention  that  there  was  a  shaft  at  Jamadoba 
in  which  there  was  not  a  single  woman  or  basket  employed. 
About  160  tons  per  day  were  got  from  this  shaft. 

Mr.  W.  Weir  said  he  considered  that  the  time  had 
come  for  the  institution  of  English  shifts.  Also,  he 
thought  it  should  be  made  prohibitive  for  one  manager  to 
take  away  another  manager's  labour. 

Mr.  W.  Simmons  said  that  he  had  not  raised  the 
question  of  regular  hours  or  shifts  in  his  paper  as  every 
colliery  manager  was  already  agreed  on  the  matter.  In 
its  evidence  before  the  Coal  Commission  the  Association 
of  Colliery  Managers  had  advocated  the  gradual  intro- 
duction of  regular  shifts,  but  so  far  no  other  steps  had 
been  taken. 

Mr.  G.  C.  Lathbury  said  that  attendance  at  Giridih 
was  not  compulsory,  but  that  between  70  and  80  per  cent 
of  the  children  were  regular  attendants.  The  education 
practised  at  Giridih  had  made  a  great  deal  of  difference  in 
the  people's  ideas  of  discipline. 

Mr.  Simmons,  in  reply  to  the  above,  said  that  it  was 

1  Trans.,  Min.  Geol.  Inst.  Ind.,  Vol.  XV",  p.    123. 
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pretty  well  agreed  the  world  over  that  voluntary  education 
had  proved  a  failure.  Education  of  Indian  labour  would 
have  to  be  made  compulsory  before  we  could  hope  for  any 
measure  of  success.  Giridih  was  an  exception  owing  to 
its  peculiar  circumstances.  In  that  field  there  was  practi- 
cally only  one  company  employing  labour  on  a  large  scale, 
viz.  the  East  Indian  Railway.  It  was  therefore  possible 
for  the  Compan}''s  officers  to  insist  on  all  children  attending 
school  regularly,  but  in  the  Jharia  and  Raniganj  districts 
he  did  not  think  the  various  companies  could  possibly  be 
made  to  agree  on  this  point.  He  thought  that  every  child 
in  the  industrial  districts  of  India  should  be  compelled  to 
attend  a  school. 

Mr.  G.  C.  Lathbury. —  Attendance  at  the  schools  at  Gi- 
ridih for  boys  up  to  12  years  of  age  is  compulsory  and  is 
voluntary  for  girls.  We  have  about  2,000  children  on  the 
rolls  and  the  average  attendance  is  from  75  to  80  per  cent. 
There  are  four  kinds  of  schools,  viz.  Elementary,  Lower  Pri- 
mary, Upper  Primary  and  Industrial.  We  have  about  32 
schools  altogether.  At  the  Elementary  schools  the  children 
are  merely  taught  reading,  writing  and  arithmetic,  and  if 
they  wish  to  continue  their  education,  they  can  go  on  to  the 
Lower  Primary  and  Upper  Primary  schools  and  eventually 
be  admitted  to  the  Industrial  school  if  they  are  suitable. 
This  system  has  been  going  on  for  some  years.  There  is 
no  doubt  that  the  schools  have  had  a  very  good  effect  as 
regards  discipline  when  the  children  grow  up  and  go  to 
work  on  the  collieries.  We  receive  grants  from  the  East 
Indian  Railway  and  also  from  Government  for  the  up-keep 
of  the  schools.  The  monthly  expenditure  on  our  schools 
is  about  Rs.  650.  At  Giridih  we  have  no  fixed  hours  of 
labour  for  coal-cutters,  who  work  on  an  average,  I  should 
say,  8  hours  per  day.    At  the  workshops  we  have  an  8-hour 
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shift  and  the  winding  enginemen,  deputy  overmen,  khalasis 
and  similar  types,  who  have  responsible  work  to  do,  only 
work  8  hours. 

Mr.  R.  R.  Simpson  said  that  with  reference  to  educa- 
tion he  saw  no  reason  to  await  Government  action.  It 
was  ahead}'  open  to  mine-  owners  in  the  Jharia  coal-field 
to  request  the  Government  of  Bihar  and  Orissa  to  apply 
the  Primary  Education  Act,  1919,  to  the  Mining  Settle- 
ment. A  great  deal  had  been  done  by  self-help  at 
Giridih,  and  all  employees  there  were  required  to  send 
their  children  to  school.  The  Jharia  coal-field  had  greatly 
benefited  indirectly.  A  large  proportion  of  the  skilled 
workmen  in  Jharia  were  trained  at  Giridih.  The  Cutchee 
community  maintain  a  large  and  successful  school  in  the 
Jharia  coal-field  and  have  shown  a  conspicuous  example. 
Their  scholars,  however,  did  not  come  from  the  miners. 

Mr.  Simmons  said  that  the  discussion  ought  not  to 
be  closed  until  some  opinion  had  been  expressed  by  the 
Indian  members  on  several  points,  including  female  labour 
and  the  question  of  education. 

Mr.  X.  X.  Sarkar  said  that  unless  compulsion  were 
applied,  it  would  be  a  long  time  before  education  became 
general  amongst  the  collieries.  His  opinion  was  that, 
when  once  educated,  the  children  would  refuse  to  go  into 
the  mines.  He  had  noted  this  point  carefully  in  the 
collieries. 

The  following  note  was  received  from  Mr.  Jhaverilal 
K.  Dholakia  ; — 

Cutchee  Education. — About  1905-06  it  was  felt  that 
there  should  be  an  institution  for  educating  the  children 
of  those  who  came  from  Cutch  and  other  parts  of  the 
Bombay  Presidency.     At  the   time,  yearly  subscriptions 
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were  being  collected  from  the  Cutchee  colliery  proprietors 
and  Gujrati  speaking  public.  The  work  went  on  smoothly 
till  about  1914,  when  the  subscriptions  could  not  be 
collected  ;  since  then  only  nine  colliery  proprietors  met 
the  expense  till  1918,  when  funds  were  collected  to  the 
amount  of  Rs.  63,000  and  the  Institution  was  registered. 
It  has  its  branch  at  Joyrampur  with  pacca  buildings  of  its 
own.  Education  in  Gujrati  is  imparted  up  to  English 
Standard  III.  The  institution  is  teaching  to-day  260 
boys   and   50  girls   and    the   yearly   expense  is  Rs.  3,500. 

Education  for  Labourers. — The  question  of  education 
for  labourers  is  one  which  requires  careful  attention. 
Education  in  reading,  writing  and  simple  arithmetic 
should  be  compulsory.  At  present  it  is  not  successful 
because  the  wages  earned  by  labourers  are  inadequate, 
so  much  so  that  even  children  under  the  age  of  12,  and 
women  almost  up  to  the  day  of  child-birth,  have  to  work 
in  order  to  obtain  food,  and  to  provide  means  for 
alleviating  the  hardships  and  miseries  suffered  by  them 
during  sickness.  We  talk  a  lot  about  labour,  but  what 
have  we  done  for  it  ?  We  very  well  know  that  comforts 
cannot  be  had  to-day  under  a  salary  of  Rs.  1,500.  In 
the  case  of  labourers  it  is  a  question  of  filling  the  belly 
and  not  one  of  comfort.  Rice  which  was  procurable  at 
14  seers  for  a  rupee,  is  now  hardly  obtainable  at  4  seers 
per  rupee,  while  the  wage  of  6  annas  a  tub  has  remained 
a  constant  figure. 

"It  is  not  only  desirable  but  absolutely  necessary 
that  increase  in  wages  should  be  given  all  round  at  once, 
and  not  postponed  till  labour  is  forced  to  one  of  two 
steps,  either  a  general  strike  or  relinquishment  of  colliery 
work.  If  we  can  give  a  living  wage,  other  labourers  will 
be  attracted  to  the  field  in  abundance.     Without  induce- 
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ment  surely  none  of  us  would  have  come  and  stayed  in 
this  field. 

"  While  giving  higher  wages,  we  should  make  educa- 
tion compulsory,  prohibiting  the  employment  of  children 
under  12  years  and  of  women  at  any  period  unduly  close 
to  child-birth .  Almost  all  industries  have  had  to  face 
this  increased  expense.  The  Railways  have  almost  doubled 
their  fares,  but  have  at  the  same  time  purchased  coal  at 
prices  which  starve  the  industry.  The  prices  of  materials 
and  machinery  have  all  likewise  increased.  But  we,  who 
have  the  charge  of  the  care  and  welfare  of  mining  labour 
in  India  have  done  nothing,  and  it  is  up  to  us  to  see  that 
labourers  are  so  paid  as  to  satisfy  their  daily  wants.  I 
would  suggest  our  approaching  and  requesting  the  Rail- 
ways to  double  the  rates  paid  for  our  coals,  and  to  face 
a  situation,  which  if  aggravated,  will  seriously  affect  the 
Railways  themselves,  since  they  are  the  biggest  con- 
sumers. We  should  now  realise  the  importance  of  the 
care  and  welfare  of  our  labour,  and  thus  do  much  towards 
increasing  its  efficiency. 

"If  5  per  cent  of  their  increased  wages  were  de- 
posited in  the  General  fund  for  times  of  need  and  z\  per 
cent  in  the  Education  fund,  both  of  which  are  maintained 
by  the  collieries,  the  labourers  would  continue  at  their 
work  and  would  send  their  children  to  school  since  they 
would  realise  that  they  had  paid  for  it  and  therefore  must 
take  advantage  of  it.  These  contributions  would  amount 
to  less  than  five  pice  in  the  rupee." 

A  further  note  received  from  Dr.  G.  W.  Thompson  in- 
cluded the  following  :  — 

"With  reference  to  the  problem  of  female  labour 
in  mines,  I  think  I  suggested  that  opinion  must  ulti- 
mately advance  so  far  as  to  demand  legislation  prohibit- 
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ing  the  employment  of  female  labour  below  ground,  and 
I  suggested  that  for  the  present  a  more  urgent  evil  is  the 
taking  of  infants  down  the  mine  and  the  employment  of 
children  underground. 

"With  reference  to  compulsory  education,  I  pointed 
out  that  the  remedy  generally  lay  with  the  Colliery  com- 
panies themselves,  and  I  have  no  doubt  that  if  they  were 
prepared  to  contribute  to  a  sufficient  extent  to  provide 
education,  the  Local  Government  would  be  only  too  ready 
to  apply  the  Primary  Education  Act  to  the  Coal-field.'' 

Mr.  A.  V.  Ethiraj  wrote:  "The  paper  is  a  valu- 
able one  in  its  general  aspects.  In  the  way  of  general 
education,  there  seems  to  me  to  be  one  distinct  drawback. 
It  is  well  known  that  an  Indian  when  educated  is  apt  to 
despise  his  former  position.  Thus  it  follows  that  a  collier 
when  educated  prefers  to  become  a  clerk  in  the  office 
rather  than  to  continue  mining  coal — a  result  which  in 
course  of  time  causes  considerable  dislocation.  Therefore 
I  would  like  to  suggest  that  education  should  be  more  on 
domestic  and  hygienic  lines.  This  would  best  be  done  by 
lantern  slides  and  moving  pictures  at  evening  meetings. 
I  believe  that  pictures  on  subjects  of  sanitation,  hygiene, 
health,  etc.,  are  available;  these  might  advantageously 
be  added  to  existing  schools.  A  little  arithmetic  should 
be  included  in  the  scheme." 

Mr.  J.  Kirk  said  that  the  application  of  compulsion 
with  regard  to  education  would  be  impossible  unless  the 
women  were  first  taken  out  of  the  mines. 


The  Extraction  of  Pillars  in  a  Thick 
Seam  in  the  Jharia  CoaUfield. 


N.   N    Sarkar. 

(With  two  Plates.) 

It  will  be  needless  on  my  part  to  write  in  detail  about 
pillar  extraction  as  exhaustive  contributions  on  the  subject 
have  already  been  made  by  several  able  members  of  the 
Institute.  I  shall,  therefore,  deal  only  with  the  points 
peculiar  to  the  seam  I  am  now  working. 

The  coal  worked  is  known  as  that  of  Xos.  n  and  12 
seam  (combined)  and  is  worked  by  inclines.  The  thick- 
ness is  forty-five  feet  and  inclination  1  in  6  to  the  south- 
west. The  overlying  strata  consist  mainly  of  hard  sand- 
stone and  shale.  (See  section  PI.  20.)  The  pillars  are  gene- 
rally 35  to  40  ft.  square,  and  the  width  of  the  galleries 
10  to  12  ft. 

The  mine  was  laid  out,  prior  to  my  taking  charge  there- 
of, with  the  idea  of  working  the  seam  in  two  sections, 
top  and  bottom,  simultaneously,  making  the  height  of  the 
galleries  in  each  section  15  ft.  and  keeping  pillar  under 
pillar.  As,  however,  the  coal  in  the  bottom  section  is 
much  harder  than  the  coal  in  the  top  section,  and  water 
difficulties  are  also  greater  in  the  former,  development  in 
the  bottom  section  was  not  pressed.  When  the  workings 
of  the  top  section  reached  the  extreme  dip  end  of  the  tak- 
ing only  about  one-sixth  of  the  area  had  been  formed  into 
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pillars  in  the  bottom  section.  It  was  then  found  imprac- 
ticable to  keep  up  the  normal  output  only  by  the  "work- 
ings of  the  whole"  in  the  bottom  section,  and  there  was 
thus  no  alternative  but  to  start  dispillaring  the  top  sec- 
tion at  once.  Before  doing  so,  however,  all  the  conditions 
of  the  mine  were  carefully  studied,  to  guard  against  any- 
thing adverse,  which  might  lead  to  disastrous  results,  if 
not  duly  taken  into  account  from,  the  first. 

It  was  found  that  the  coal  in  the  top  section  was  fairly 
hard,  as  were  also  the  roof   and  floor,  and  that  the  pillars 
had  not  deteriorated  though  they  had  been  left  standing 
for  15  or  16  years.     The  depth  from  the  surface  down  to 
the  coal  seam  did  not  exceed  100  feet,  the  inclination  of  the 
seam  was  moderate  (1  in  6),  the  pillars  left  were  of  ample 
size,  and  the  coal  seam  was  not  liable  to  spontaneous  com- 
bustion, which  was  ascertained  from  a  stock  of  over  7  to  8 
thousand  tons  of  coal  left   on  the  surface  for  over  four 
years.     Thus  though  most  of  the  conditions  were  favour- 
able, the  thickness  alone,  which  is  considerable,  was  the 
chief  difficulty.     To  overcome  this  difficulty  the  working 
in  the  bottom  section  was  wholly  stopped  and  eighteen 
feet  of  coal  taken  as  pillars,  leaving  27  ft.  of  solid  coal 
upon  which   the  overlying   strata  might  fall  without  dam- 
age to  the  coal.     This  bottom  coal  will  be  worked  subse- 
quently by  forming  pillars  and  galleries  up  to  a  height  of 
about  20  to  21  ft.,  leaving  6  to  7  ft.  of  coal  as  roof.     As 
I  have  ahead}'-  stated  the  coal  in  the  bottom  section  is  far 
harder  than  the  coal  in  the  top  part,  and  I  think  that  6 
or  7  ft.  of  coal,   as  roof,   will  be   sufficient  to  resist  the 
pressure  of  the  broken  superincumbent  strata.     The  pillars 
also  will  not  be  allowed  to  stand  for  a  long  time  after  they 
have  been  formed,  so  that  the  pressure  upon  the  roof  will 
not  remain  for  long. 
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Another  difficult}'  arose  when  dispillaring  was  to  be 
commenced.  The  miners,  who  had  been  working  in  the 
colliery  up  to  that  time  were  afraid  of  working  in  pillars, 
and  I  feared  that  if  all  of  them  were  driven  out,  it  would 
be  very  difficult  to  get  a  new  supply  of  men.  I  therefore 
adopted  the  present  system  of  extracting  pillars,  which 
suited  the  miners  exactly  and  by  which  I  have  been  able 
to  get  as  much  as  95  per  cent,  of  the  coal  without  accidents 
of  even  a  minor  nature.  The  method  is  as  follows:  — 
Without  splitting,  the  whole  of  the  pillar  is  attacked  and 
cut  out.  A  scaffold  about  10  ft.  high  from  the  floor  is 
built  generally  on  one  side  of  the  pillar,  and  ladders  are 
placed,  two  at  the  corners  and  one  at  the  middle,  to  allow 
the  miners  to  ascend  and  descend  to  and  from  the  scaffold- 
ing ;  these  also  serve  as  stays  to  the  scaffolding.  (See 
Figs.  1  and  2,  PI.  21).  From  this  it  will  be  seen  also  that  a 
space  about  15  inches  wide  is  left  open  between  the 
scaffolding  and  the  pillar  to  allow  the  coal  to  drop  while 
the  pillar  is  attacked.  The  miners  like  this  arrangement 
better  than  a  number  of  high  stools,  which  they  are  rather 
afraid  to  use.  On  this  scaffolding  the  miners  work  exactly 
as  when  they  are  engaged  in  cutting  coal  from  ordinary 
galleries.  When  the  working  of  the  top  portion  of  the 
pillar  has  advanced,  say  from  10  to  12  ft.,  a  slope  is 
formed  by  removing  some  portion  of  the  floor  coal  and 
filling  the  rest  with  slack  (as  shewn  in  Fig.  3,  PI.  21).  It 
will  be  also  noticed  (from  Figs.  3  and  4,  PL  21),  that 
smaller  props  are  systematically  set  as  the  working  of 
the  top  portion  of  the  pillar  advances.  The  floor  coal, 
about  10  ft.  high,  which  is  left  while  working  the  top  portion 
of  the  pillar,  is  now  attacked,  some  of  the  shorter  props 
being  removed.  When  the  full  height  is  reached,  longer 
props  are  set  in    their    stead    (as   shown    in    Fig.    4,  PL 
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2i).  This  process  is  continued  till  the  whole  pillar  is  ex- 
tracted. 

By  comparing  the  records  of  actual  raisings  with  the 
area  worked,  as  measured  from  the  plan,  it  has  been 
shewn  that  this  method  has  enabled  me  up  to  the  present, 
as  I  have  said,  to  get  95  per  cent,  of  the  coal.  By  this 
method,  I  hope  also  to  extract  successfully  the  20  to 
21  ft.  pillars  which,  as  mentioned  above,  will  be  formed 
at  the  bottom  portion  of  the  workings.  Thus  a  greater 
percentage  of  the  whole  coal  from  the  seam  will  be 
available  than  was  thought  possible  at  the  time  of  the 
laying  out  of  the  workings.  Nor  is  the  cost  per  ton  much 
greater  by  this  method,  as  might  be  thought  at  first 
sight ;  this  is  proved  by  the  appended  statement  in  which 
all  the  expenses  incurred  have  been  taken  into  account. 
The  figures  show  that  the  extra  cost  is  only  two  annas 
per  ton. 

The  first  subsidence  took  a  considerable  time  in  com- 
ing. As  there  was  no  local  fall  until  eight  pillars  were 
taken  out  it  caused  me  some  anxiety.  However,  I  took 
all  possible  precautions,  and  the  main  fall,  when  it  came, 
gave  sufficient  warning  to  enable  me  to  withdraw  the  men 
from  the  workings.  Subsequent  falls  have  been  gradual 
and  there  have  been  no  serious  "air-blasts,"  as  the  local 
falls  generally  fill  the  goaf  up  to  a  few  feet  of  the  roof.  Up 
to  the  end  of  August  1920,  seventy-three  pillars  had 
been  extracted  from  an  area  of  107,472  feet,  and  nineteen 
pillars  had  been  extracted  over  pillars  in  the  bottom  section 
without  damage  to  the  latter. 

I  cannot  conclude  without  offering  my  warmest  thanks 
to  our  President,  Mr.  R.  R.  Simpson,  whose  excellent  ad- 
vice has  always  been  of  great  help  to  me  in  difficult  cir- 
cumstances. 
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Statement  showing  the  Extra  Expenditure  over  a  period  of  about 
18  months  incurred  for  Dispillaring. 


Particulars.                      Amount.             Total. 

Remarks. 

Stores. 

Props 

Nails 

Coir  String 

Kerosene  oil  and  carbide     . . 

Rs.     As.  P. 

2,499  13     o 

182    5     6 

72  13     6 

431     4     0 

Rs.     As.  P. 
3, 186     4     0 

5.470  13     3 

33  per  cent, 
still  service- 
able. 

Labour. 

Propping    coolies    and    car- 
penters 

Supervision. 
Overmen  and  sirdars 

2.788  12     0 
2,682     1     3 

Grand  total 

8,657     1     3 

Total  coal  raised  from  the  pillars. 
Cost  per  ton . 


. .  .68,065  tons. 
.  .  .as.  2. 


DISCUSSION. 

Mr.  J.  Kirk  asked  whether  two  or  three  pillars  were 
attacked  at  the  same  time,  and  whether  any  roof  trouble 
had  been  experienced. 

Mr.  N.  N.  Sarkar  said  that  they  started  with  two 
pillars,  and  at  the  present  time  were  attacking  four  pillars. 
The>-  had  had  no  trouble  with  the  roof. 

Mr.F.  L.  G.  Simpson  asked  how  far  apart  Mr.  Sarkar 
set  his  props. 

Mr.  Sarkar  said  they  were  set  from  2 \  to  3  feet  apart. 

Mr.  R.  Barrowman  said  that  in  1912  he  extracted  some 
pillars  in  order  to  relieve  creep.     The  area  was  about  300 
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to  4oo  ft.  square.  He  found  that  he  actually  got  87  per 
cent  of  the  pillars  out.  He  considered  the  percentage 
attained  by  Mr.  Sarkar  to  be  very  good. 

Mr.  W.  Simmons  asked  if  the  pillar  did  not  split  or 
give  way  when  three  or  four  feet  of  it  were  left. 

Mr.  Sarkar  said  he  had  experienced  no  trouble  from 
this,  probably  owing  to  careful  propping.  The  roof  was 
extremely  good.  After  three  or  four  rows  of  props  had 
been  drawn  the  local  fall  commenced.  The  thickness  of 
the  local  fall  was  three  feet. 


Welding  Pit  Guide  Ropes,  and  some 
Methods  of  Welding. 


BY 


C.    H.    McCale.   F.G.S.,    M.I.M.S.,    Medallist  in   .Mining. 

(With  three  Plates.) 

Owing  to  this  great  World  War,  the  circumstances  of 
which  are  well  known  to  everyone  connected  with  and 
interested  in  the  mining  industry,  not  only  is  the  equip- 
ment for  the  development  of  new  enterprises  restricted, 
but  considerable  difficulty  is  experienced  in  obtaining  from 
England  a  portion  of  the  materials  required  to  maintain 
the  efficient  working  of  the  present  mines.  The  control 
regulating  the  supply  of  such  equipment  is  invested  in  the 
hands  of  the  Mines  Equipment  Priority  Committee,  and  it 
is  mainly  due  to  their  astuteness  that  certain  economies, 
in  regard  to  the  use  of  various  materials,  have  been  effected 
at  the  majority  of  mines. 

The  chief  difficulty  so  far  experienced  by  the  writer 
has  been  the  delay  in  obtaining  the  necessary  pit  guide 
ropes.  The  problem  was  to  maintain  certain  shafts  with 
safe  and  efficient  guides  in  order  to  avoid  a  cessation  of 
work,  and  it  occurred  to  the  writer  that  if  pieces  of  guide 
rope  could  be  welded  together  successfully— and  he  did 
not  see  why  they  should  not  be — the  difficulty  would  be 
practically  overcome.  Against  a  great  deal  of  agitation 
due  to  scepticism,  it  was  decided  to  experiment  in  that 
direction. 
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The  different  methods  by  which  it  is  possible  to  weld 
guide  ropes  are  as  follows  : — 
(i)  by  fire, 

(2)  by  oxy-acetylene, 

(3)  by  electricity. 

The  system  of  welding  selected  as  the  most  simple 
and  convenient  method  to  use  in  this  instance  was  that 
by  oxy-acetylene  gas. 

The  pieces  of  rope  welded  together  were  of  the  same 
diameter  but  of  different  construction.  Some  of  the  pieces 
were  composed  of  seven  rods  and  others  of  six  rods,  as  in 
Plate  22,  figure  1.  It  will  be  observed  from  this  figure  that 
one  of  the  pieces  of  guide  rope  was  made  up  of  five  rods 
round  one  and  the  other  piece  of  six  rods  round  one ;  this 
difference  in  section  did  not  in  the  slightest  degree  affect 
the  welding  operation. 

The  pieces  of  rope  were  butt- welded.  The  length 
operated  on  might  vary  from  anything  between  ij  to  2 
inches.  Plate  23  is  a  photographic  view  of  a  weld  com- 
pleted, and  from  the  sample  weld,  here  exhibited,  it  will  be 
noted  that  the  joint  is  solid  and  of  approximately  the  same 
diameter  as  the  rope  itself.  After  the  weld  had  been  com- 
pleted the  full  length  of  joint  operated  on  was  annealed  by 
means  of  the  blowpipe  flame.  The  annealing  of  such 
joints  is  of  great  importance  as  it  sometimes  means  the 
difference  between  complete  success  and  failure. 

One  of  the  welded  ropes  757  feet  long,  made  up  of 
two  lengths  500  and  257  feet,  respectively,  was  fitted  in  an 
upcast  shaft  700  feet  in  depth,  into  which  steam  pumps 
were  exhausting,  thereby  causing  the  shaft  to  be  both  hot 
and  very  wet,  two  of  the  worst  conditions  operating  against 
the  fittings  in  a  shaft.  Although  this  guide  rope  has  been 
put  under  the  greatest   strain,  the  part  welded  has  not 
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given  the  slightest  indication  of  fracture,  and  the  joint 
seems  to  be  an  absolute  success.  It  will  be  sufficient  to 
state  that  this  rope  has  been  subjected  to  working  condi- 
tions and  is  running  satisfactorily.  It  will  thus  be  seen 
that  guide-rope  welding  will  result  in  the  saving  both  of 
valuable  time  and  of  a  large  quantity  of  material  which 
would  otherwise  be  discarded  and  wasted.  An  extract 
from  the  "Mine  and  Quarry"  '  runs  as  follows  : — 

"  When  you  spend  money,  you  pay  for  somebody's  services  and 
you  pay  for  the  material  that  is  used  to  make  the  article  you  buy. 
If  you  buy  things  with  your  money  that  are  actual  necessities,  you 
are  spending  your  money  in  the  right  way,  but  if  you  buy  things 
you  do  not  need,  you  are  taking  the  labour  and  material  used  in 
producing  these  unnecessary  articles  and  are  thereby  preventing 
the  use  of  such  labour  and  material  on  behalf  of  our  fighting 
force.  It  is  therefore  necessary  to  save  in  order  to  protect  our 
Army  and  to  win  this  war  " 

In  shafts  300  to  500  feet  deep  it  has  been  the  writer's 
experience  that  guide  ropes  wear  out  quickest  at  about 
100  to  200  feet  from  the  bottom  of  the  shaft.  A  guide 
rope  unsafe  for  a  shaft  475  feet  in  depth  was  fitted  in 
a  shaft  294  feet  deep  in  which  it  has  worked  for  a  number 
of  years  and  is  still  in  use. 

In  a  shaft  700  feet  deep  the  tendency  of  the  cage  to 
oscillate  is  greater,  and  this  extra  vibration  is  the  cause  of 
a  longer  length  of  the  guide  rope  in  the  deeper  shaft 
being  worn  down  to  an  unsafe  limit,  while  the  upper  part 
of  the  rope  towards  the  surface  remains  scarcely  affected. 
In  a  shaft  of  this  depth  it  is  estimated  that  joo  feet  at 
least  of  the  guide  rope  is  quite  good,  and  when  welded  to 
another  one  or  even  more  lengths  it  can  be  refitted  in  the 
same  shaft.     By  this  means  all  good  pieces  of  guide  rope 

1   Nov.  4,  Vol.  X,  July,  1918 
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can  be  joined  together  and  re-used  over  and  over  again  until 
they  become  unserviceable.  For  instance  in  a  shaft  700 
feet  in  depth  fitted  with  four  guide  ropes  of  757  feet  each 
in  length  and  one  inch  in  diameter,  a  saving  of  1,200  feet 
of  guide  rope  would  be  effected  each  time  the  guide  ropes 
were  renewed.  This  at  the  present  market  rate  would  re- 
sult in  a  saving  of  Rs.  3, 000,  to  say  nothing  of  the  economy 
effected  in  material. 

It  is  the  custom  when  a  single  strand  of  a  guide  rope 
breaks,  either  to  take  out  the  strand  throughout  the  whole 
length  of  rope  or  to  fit  a  new  guide  rope,  but  instead  of 
taking  out  this  strand  the  welding  blowpipe  flame  can  be 
brought  into  good  service.  The  two  ends  of  the  strand 
can  be  welded  together  or  to  the  other  part  of  the  rope. 
And  again  when  a  guide  rope  for  a  short  length  is  damaged 
owing  to  some  accident  in  the  shaft,  this  part  of  the  rope 
can  be  cut  out  and  another  piece  welded  into  position 
within  a  matter  of  4  to  5  hours'  time  (provided  the  weld- 
ing apparatus  is  available),  without  taking  out  the  full 
length  of  guide  rope,  thus  avoiding  a  considerable  loss  of 
time  in  refitting   another  guide  rope  and  saving  the  price 

of  a  new  one. 

Welding  by  Fire. 

Xo  doubt  with  a  good  forge  and  a  hydraulic  or  elec- 
tric hammer  fire-welding  could  be  effected,  but  the  accom- 
panying disadvantages  preclude  its  recommendation. 
The  chief  disadvantage  in  heating  by  a  forge  is  that  the 
surface  to  which  the  heat  is  applied  becomes  hotter  than 
the  interior,  inasmuch  as  the  heat  has  to  travel  from 
the  exterior  to  the  interior.  The  heat  also  travels  along 
the  piece,  heating  and  often  injuring  the  metal  not  re- 
quired for  the  weld,  besides  wasting  time  and  energy.  In 
both  the    oxy-acetylene    and    electric    welding   processes 
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the  heat  is  imparted  to  and  generated  in  the  metal  itself 
at  the  joint,  and  is  practically  confined  there ;  the  heat 
and  energy  are  therefore,  economically  employed. 

Welding  by  Oxy- acetylene. 

Oxy-acetylene  welding  is  a  method  by  which  advan- 
tage is  taken  of  the  flame  resulting  from  the  combustion 
of  oxygen  and  acetylene  gases  by  means  of  a  blowpipe 
which  ma}-  be  described  as  follows.  The  blow-pipe, 
which  is  a  contrivance  for  utilizing  to  the  fullest  extent 
the  heating  power  of  a  flame  of  acetylene  fed  with  oxy- 
gen, consists  of  a  special  nozzle  leading  from  a  chamber, 
into  which  enters  two  pipes  connected  with  gas  cylinders 
containing  respectively  acetylene  and  oxygen  under  pres- 
sure. By  means  of  a  tap  the  oxygen  is  first  turned  on, 
then  the  acetylene  tap  is  also  gradually  opened  and  the 
nozzle  lighted  ;  there  emerges  from  the  nozzle  a  mixture 
of  acetylene  and  oxygen,  the  flame  of  which  subsequent- 
ly becomes  smaller  and  is  hotter  and  more  luminous  than 
the  oxy-hydrogen  flame. 

The  property  possessed  by  pieces  of  iron  and  steel  of 
uniting  while  in  a  condition  of  semi-fusion  has  enabled 
this  blowpipe  to  be  used  for  the  direct  welding  of  iron  and 
steel  and  many  minor  metallurgical  processes.  At  present 
the  oxy-acetylene  blowpipe  is  used  for  welding  the  head 
and  body  of  aerial  bombs. 

With  regard  to  the  generators  for  acetylene,  there  are 
four  systems  in  general  use  in  which  calcium  carbide  may 
be  treated.     They  are  as  follows  :  — 

(i)  Carbide  dropping  into  water. 

(2)  Water  rising  in  excess  up  to  the  carbide. 

(3)  Water  dripping  on  the  carbide. 

(4)  Carbide  descending  into  water,  and  being  drawn 

out  again  when  the  gas  is  generated. 
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These  generators  are  again  divided  into  two  classes,  those 
termed  "automatic,"  which  have  devices  for  regulating 
and  stopping  at  will  the  action  going  on  and  those  termed 
"non-automatic,"  that  merely  aim  at  developing  the  gas 
and  putting  it  into  a  gasometer  (storage  tank)  with  as  little 
loss  as  possible.  Each  of  these  systems  has  its  peculiar 
advantages  and  disadvantages.  The  chief  points  to  be 
attained  in  a  good  generator  are  : — 

(i)  Low  temperature  of  generation. 

(2)  Complete  decomposition  of  the  carbide. 

(3)  Easy  removal  of  the  residue. 

The  system  by  which  the  coolest  generation  of  gas  is 
made  is  that  in  which  carbide  is  dropped  into  water,  since 
it  is  instantly  and  completely  surrounded  with  water ;  for 
this  reason  also  it  gives  off  all  its  gas  so  that  none  of  the 
carbide  is  wasted.  But  the  disadvantage  of  this  method 
is  the  trouble  experienced  in  removing  the  residue. 

The  system  in  which  water  rises  in  excess  to  the 
carbide  does  not  generate  quite  such  cool  gas  as  the  first 
method,  but  it  has  the  advantage  of  easy  removal  of  the 
residue. 

The  system  in  which  water  drips  on  to  the  carbide 
is  very  wasteful  and  the  generation  of  the  gas  is  attended 
with  much  heat.  These  generators  are  only  used  for 
bicycle  and  motor-car  lamps  and  for  miniature  work,  and 
are  not  recommended  for  other  purposes. 

The  system  in  which  carbide  descends  into  the  water 
and  is  drawn  off  again  is  attended  with  considerable  heat, 
which  is  partly  counteracted  by  the  surface  of  cold  water 
with  which  the  gas  comes  in  contact.  This  system  is  suit- 
able for  small  plants. 

For  large  installations  the  non-automatic  generators 
are  most   suitable.     These  generators  are  on  either   the 
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'  Carbide  to  water '  or  '  Water  to  carbide '  principle,  and 
the  gas  is  conveyed  from  the  generator  to  a  gasometer  by 
a  pipe  connecting  the  two.  In  working  this  type  of  gener- 
ator, when  the  gas  is  nearly  exhausted  an  attendant 
turns  more  water  on  to  the  carbide,  or  vice  versa  as  the 
case  may  be,  and  so  replenishes  the  supply  in  the  gasome- 
ter. It  is  said  that  with  the  non-automatic  generation, 
the  gas,  if  stored  in  large  quantities  for  any  length  of  time 
loses  illuminating  power. 

In  the  automatic  generator  the  gasometer  is  much 
smaller,  because  in  this  arrangement,  when  the  gas  is 
failing,  the  gas-holder  descends  and  automatically  causes 
more  gas  to  be  formed  until  the  carbide  in  the  container 
is  exhausted.  This  type  is  said  to  be  very  suitable  for 
moderate-sized  plants,  and  also  for  places  where  space  is  a 
consideration. 

An  oxy-acetylene  plant  comprises  : — 
(i)  Generator  for  acetylene. 

(2)  Gasometer. 

(3)  Oxygen  cylinder. 

(4)  Oxygen  pressure  regulator. 

(5)  Hydraulic  back-pressure  valve. 

(6)  Blowpipe. 

(7)  Purifier. 

(8)  Acetylene  cylinder,  where  dissolved  acetylene  is 

used. 
In    selecting   an   acetylene   generator    the    following 
points  are  essential : — 

(1)  That  the  generator  complies  in  design  and  con- 

struction with  the  requirements  of  the  British 
Acetylene  and  Welding  Association. 

(2)  That  the  generator  is  of  sufficiently  ample  capac- 

ity for  the  blowpipe  requirements. 
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(3)  That    the   generator   is   capable   of   delivering 

acetylene  to  the  blowpipe  at  a  pressure  which 
is  not  less  than  that  of  8  inches  of  water. 

(4)  That  a  suitable  purifier  is  provided. 

Plate  22,  figures  2,  3,  and  4  illustrate  a  complete  gener- 
ating plant  on  the  principle  of  'Water  rising  in  excess  to 
the  carbide.' 

A.  =  Gasometer. 

B.  =  Water-chamber. 
C.C.  =Carbide  containers. 

D.=Gas  outlet  top. 
E.E.  =  Delivery  pipes  from  generator  to  gasometer. 

F.  =  A  guide  rod  to  prevent  the  gasometer  from 
turning  in  the  water-chamber. 
G.G.  =  Water  feed-pipes  to  carbide. 

Figure  5  is  a  purifier.  On  whatever  principle  acetylene 
is  generated  the  gas  contains  some  sulphuretted  hj-drogen, 
phosphoretted  hydrogen,  and  a  little  ammonia,  which  are 
detrimental  to  the  weld.  It  is  for  this  rea-on  that  puri- 
fiers are  necessary,  so  that  these  gases  may  be  removed 
from  the  acetylene  before  it  is  used.  It  is  always  advis- 
able to  fit  the  purifier  above  the  gas  outlet  of  the  gaso- 
meter. The  Heratol  and  Coke  purifiers  are  considered  to 
be  the  best  on  the  market. 

Figures  6  and  6«  illustrate  the  elevation  and  section 
of  a  carbide  container. 

Figure  7  shows  the  oxygen  and  acetylene  cylinders 
connected  to  a  '  Universal '  blowpipe  and  read}-  for  work. 

Figure  8  illustrates  an  oxygen  pressure  regulator, 
which  is  an  automatic  arrangement. 

A.  =  Pressure  gauge. 

B.  =  Outlet  to  blowpipe. 
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C.  =  Inlet  from  cylinder. 

D.  =  Regulating  device. 

E.  =  Safety  valve. 

It  is  fitted  with  a  gas  expansion  device  and  special  valve 
seat,  which  prevent  ignition.  The  regulator  will  reduce 
the  high  and  varying  pressure  of  oxygen  from  the  cylin- 
der to  any  required  low  pressure  ;  the  latter  ma}-  vary 
from  zero  to  30  lbs.  per  square  inch,  which  is  the  maxi- 
mum welding  blowpipe  pressure  required.  This  maxi- 
mum pressure  cannot  be  exceeded,  as  a  safety  valve  then 
opens  and  releases  the  gas. 

Figure  9'  depicts  a  hydraulic  back-pressure  valve  whose 
object  is  to  prevent  oxygen  at  any  time  from  flowing  back 
along  the  acetylene  supply  pipe.  For  instance,  should  the 
blowpipe  nozzle  become  choked  whilst  the  oxygen  supply 
remains  unchecked,  this  gas  would  be  forced  by  its  superior 
pressure  along  the  acetylene  pipe.  The  back  pressure  thus 
caused,  acting  on  the  surface  of  the  water  in  the  chamber 
A  would  force  the  water  tip  the  pipe  B  displacing  the  lid  C. 
The  hydraulic  seal  would  then  be  destroyed,  and  both  gases 
would  escape  into  the  atmosphere  until  taps  1  and  2  were 
closed.  In  this  way  oxygen  can  never  penetrate  the  acety- 
lene supply  pipe  beyond  the  hydraulic  valve,  provided  the 
hydraulic  valve  is  filled  with  water. 

Figure  10 J  shows  a  '  Universal '  welding  blowpipe.  The 
usual  gas-mixing  branch  pipe  D  which  carries  the  nozzle  E 
is  bent  and  constructed  to  form  a  metal-to-metal  swivel 
joint  with  the  injector  elbow ;  it  can  be  turned  between 
the  two  positions  shown  in  figures  10a  and  10b  (without 
even  extinguishing  the  flame)  into  an}r  desired  angle  in 
relation  to  the  shank  or  handle  of  the  blowpipe,  and  fixed 
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in  any  such  position  by  hand  tightening  the  milled  nut  A, 
whilst  for  ordinal  work  the  branch  pipe  can  be  set  to  the 
usual  angle,  as  indicated  in  figure  10a.  The  practical 
advantage  of  being  able  to  alter  the  relative  position  of 
the  nozzle  will  appeal  to  operators  who  have  often  to  carry 
out  difficult  welding  repairs  in  awkward  and  somewhat 
inaccessible  parts  of  boilers  and  other  structures,  and  for 
welding  guide  ropes  suspended  in  a  shaft. 

It  will  be  observed  that  the  oxygen  and  acetylene 
supplies  are  independently  controlled  by  separate  valves, 
and  placed  in  a  convenient  position  for  adjustment  at  the 
extremity  of  the  blowpipe  handle.  The  injector  and  other 
passages  are  carefully  proportioned  to  attain  the  best 
results.  The  British  Oxygen  Company,  Limited,  state 
that  a  blowpipe  should  be  capable  of  creating  a  vacuum 
of  5  to  14  inches  of  mercury  according  to  the  size  used. 

The  '  Universal '  blowpipe  is  made  in  ten  sizes,  as 
will  be  noted   from  the  following  table  '  which  gives  the 


No.  of  blowpipe. 

2 
_i_ 

3 

4       5       6 

7 

8 

10 

12 

15 

Approximate    thick- 
ness of  plate  joint 
in  inches. 

3 
6  4 

1 1 

3  j 

S             1  G 

9 
3  -1 

S 
S 

1 

s 

4 

1 

Approximate 
consump- 

Oxygen. 175  1  3-0 

6-5 

9-0  i6-o 

23  0 

340 

48.0 

75-o 

100 

tion         of 
gases    per 
hour        in 
cubic  feet. 

Acety- 
lene.    12 

20 

45 

6-3 

112 

16*0 

24-0 

34-o 

520 

70*0 

Note. — The  above  gas  consumptions  are  average  results  obtained  when  working 
on  cold  steel  plates.  In  the  thicker  sections  a  considerable  saving  can  be  effected 
by  preheating  in  the  region  of  the  joint 

1   By  the  British  Oxygen  Company,  Limited,  Westminster,  April,  1913. 
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approximate  consumption  of  gases  and  the  thickness  of 
mild  steel  plates,  for  the  welding  of  which  each  size  of 
blowpipe  is  best  adapted. 

The  approximate  pressure  in  lbs.  per  square  inch  of 
oxygen  required  for  a  blowpipe  of  each  size  given  in  the 
above  table  is  as  follows : — 


Xo.  of  blowpipe                234 

5        6 

7 
16 

8 

10 

12 

15 

lbs.  per  square  inch          8      10      n 

12      14 

19 

21 

25 

30 

The  oxygen  tube  must  be  connected  to  the  valve  B  of 
the  blowpipe  and  the  low  pressure  outlet  valve  to  the 
regulator.  The  acetylene  tube  must  be  connected  to  the 
tap  C  of  the  blowpipe  and  the  tap  B  of  the  hydraulic 
back-pressure  valve. 

It  is  important  to  note  that,  if  fierce  sparking  from 
the  molten  metal  takes  place  whilst  the  blowpipe  is  in 
operation,  the  cause  is  an  excess  of  oxygen  both  in  quan- 
tity and  pressure.  An  excess  of  acetylene  will  carbonize 
the  metal,  a  black  deposit  forming  around  the  welded  area. 
Any  phosphoretted  hydrogen  present  can  be  easily  detected 
by  the  white  smoke  it  adds  to  the  acetylene  flame.  When 
commencing  to  use  the  oxy-acetylene  blowpipe,  the  oxygen 
tap  should  first  be  opened  and  then  the  acetylene  tap, 
before  lighting  up.  When  stopping  the  blowpipe  the  ace- 
tylene tap  should  first  be  closed  and  then  the  oxygen  tap. 

Welding  bv  Electricity. 

Oxy-acetylene  welding  is  an  excellent  and  convenient 
system  for  colliery  concerns  which  have  no  electric  energy 
at  their  disposal.  Where  electrical  installations  are  in 
use  for  feeding  the  different  collieries  there  will  be  no  need 
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to  speculate  in  oxy-acetylene  welding,  as  by  a  simple  addi- 
tion to  the  plant  electric  welds  can  be  made  more  rapidly 
and  at  a  smaller  cost. 

Mr.  J.  W.  Meares,  F.R.A.S.,  Electrical  Adviser  to  the 
Government  of   India,    says,' — ■ 

i;  Parallel  with  the  many  recent  advances  in  metal  working,  such 
as  the  cutting  of  plates  by  the  oxy-acetylene  process  or  the  Thermit 
system  of  welding,  electricity  plays  an  important  part.  In  cutting  and 
welding  metals  especially  it  has  proved  useful,  as  repairs  can  be  effected 
in  situations  where  other  methods  would  be  impossible,  and  on  breaks 
which  the  ordinary  methods  would  be  powerless  to  deal  with.  Metal, 
cutting  is  done  by  means  of  an  arc  struck  between  the  plate  and  an 
electrode  directed  along  the  required  line.  In  welding  also  the  arc 
system  is  employed,  a  carbon  electrode  being  directed  to  the  required 
position  on  the  work,  which  is  the  other  pole  of  the  circuit.  Apart 
from  ordinary  welds  the  system  is  useful  for  repairs,  such  as  the  repair 
of  cracks  and  flaws  in  metal. 

Another  system  of  welding  employs  alternating  current  through 
the  medium  of  a  special  transformer  of  which  the  secondary  coils 
consist  of  a  single  massive  turn  ;  in  this  way  an  enormous  current  at  a 
pressure  of  i  to  2  volts  can  be  passed  through  the  junction  of  the 
desired  weld,  the  ends  being  at  the  same  time  forced  together.  Port- 
able plants  including  a  special  alternator  are  on  the  market." 

The  electric  arc  system  of  welding  was  first  employed 
by  De  Meritans,  a  Frenchman,  but  this  process  was  more 
full}-  developed  by  Bernardos,  a  Prussian.  In  the  Bernar- 
dos  process  a  continuous  current  is  used  at  a  pressure  of 
about  150  volts,  one  terminal  of  the  electric  generator 
being  connected  to  the  metal  which  it  is  desired  to  heat, 
and  the  other  terminal  being  attached  by  a  flexible  con- 
ductor to  a  portable  carbon  rod.  When  the  carbon  rod 
is  brought  in  contact  with  the  work  and  then  slightly 
withdrawn,  an  electric  arc  is  started  and  the  metal  is 
heated.     This   device  has  been  successfully  used   in  the 
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process  of  filling  blow -holes  in  castings  with  metal ;  it  has 
also  been  used  for  welding  the  seams  in  small  iron  boilers, 
receivers  for  compressed  air,  etc.  It  is  of  special  advant- 
age for  the  latter  work,  since  the  arc  can  be  slowly  drawn 
along  the  edges-  of  the  plates  to  be  welded,  thus  bringing 
them  to  a  welding  heat ;  the  weld  is  then  completed  by 
pressing  or  hammering  the  plates  together. 

An  advantage  of  the  electric  arc  welding  process  lies 
in  the  possibility  of  joining  metals  without  the  aid  of 
foreign  binding  matter,  the  fluidity  of  their  own  mateiial 
being  sufficient.  This  is  due  to  the  fact  that  by  means  of 
the  electric  arc,  a  high  degree  of  heat  can  be  localized  at 
any  desired  point,  so  that  the  metals  at  that  point  are 
rendered  fluid  and  may  be  joined  by  the  mere  application 
of  pressure.  Seams  of  |-inch  boiler  plate  have  been  welded 
at  the  rate  of  one  inch  in  fifty  seconds,  or  six  feet  per 
hour,  by  this  method.  It  is  said  that  the  average  strength 
of  the  weld  is  85  per  cent,  of  that  of  the  solid  piece,  for 
wrought  iron,  and  81  per  cent,  for  steel.  The  current 
required  for  this  system  varies  from  300  to  500  amperes. 
Cracks  in  boilers  can  be  easily  repaired,  holes  can  be  bored 
and  readily  elongated  into  slots,  and  suudry'other  repairs 
can  be  effected  by  this  process. 

Plate  24,  figure  11  '  illustrates  an  application  of  this 
method  to  the  welding  of  a  flange  on  a  pipe.  The  pipe  is 
connected  to  the  positive  terminal  of  the  circuit,  and  the 
carbon  points  through  the  resistance  coils  to  the  negative 
side  of  the  circuit. 

C.C.  =  The  carbon  points. 
W.H.  =A  wooden  handle.  [hand. 

I.S.=A  shield  of  iron  to  protect  the  operator's 
X.  =The  negative  circuit. 
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In  a  modification  of  the   Bernardos  method  by  Dr. 
H.  Zerener,  the  arc  is  not  formed  between  a  carbon  point 
and  the  metal  itself,  but  between  two  carbon  points,  in- 
dependent of  the  metal  to  be  operated  on.     In  order  to 
apply  the  arc  to  the  metal,  the  peculiar  behaviour  of  the 
electric  arc,  under  the  influence  of  a  magnet,  is  made  use 
of.     If  the  pole  of  a  strong  magnet  is  placed  near  a  con- 
tinuous-current  arc,   the   latter  is  deflected   and   can  by 
proper  arrangement   be  made  to  shoot  out  sideways.     In 
this  manner  a  flame,  similar  to  that  from  a  blowpipe,  but 
with  the  much    higher   temperature   of  the  electric  arc, 
can  be  obtained.      Figure  12  depicts  an  arrangement  of  the 
Zerener   welding   apparatus ;    the   two   carbons,   CC,   are 
inclined  to  each  other,  and  the  deflecting  magnet,  MM,  is 
placed  in  the  angle  formed  by  the  carbons.     The  polarity 
of  the  magnet    is  such   that  the  arc  is  repelled,  and   the 
blowpipe   flame,   therefore,  in  the  position  shown,  issues 
from   the  carbon    points  downwards.      For  welding  thin 
pieces  of  iron,  a  current  of  40  to  50  amperes  at  40  volts 
is  required,  and  for  large  pieces  of  iron  it  varies  from  150  to 
200  amperes  at  a  pressure  of  65  to  70  volts.     For  a  common 
soldering-iron   a   15-ampere    current   at    40    volts   is   em- 
ployed.    It  will  heat  the  soldering-iron  in  1  to  ij  minutes, 
and  the  whole  apparatus  required  for   this  purpose  will 
not  exceed  two  pounds  in  weight.     Figure  131  is  another 
design  of  blowpipe  by  Zerener  and  is  used  a  great  deal  in 
England ;    by   this   arrangement    an    arc   at    a    potential 
difference  between  80  to  85  volts  and  a  current  of  20  am- 
peres is  established. 

CC.  =  Carbon  points.  SS.  =  Solenoids. 

V.  =  Regulating  screw  for  the  carbons. 


1   Electrical  Catechism  by  G.  D.  Shepardson. 
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Figure  n<7  is  an  enlarged  view  of  Bernardos'  are  welder. 
The  advantages  of  the  Bernardos  and  Zerener'  systems 
are  obvious ;  both  are  extremely  light,  produce  a  very 
high  temperature  and  are  easily  manipulated. 

The  other  process  of  electric  welding  is  that  invented 
by  Professor  E.  Thomson.  The  procedure  in  this  system 
is  to  pass  currents  of  electricity  through  the  abutting 
ends  of  the  pieces  of  metal  which  are  to  be  welded,  there- 
by generating  heat  at  the  point  of  contact,  which  also 
becomes  the  point  of  greatest  resistance,  mechanical  pres- 
sure being  applied  at  the  same  time  to  force  the  parts 
together.  As  the  current  heats  the  metal  at  the  junction 
to  the  welding  temperature,  the  pressure  follows  up  the 
softening  surface,  until  a  complete  union  or  weld  is  effect- 
ed, and,  as  the  heat  is  first  developed  in  the  interior  of 
the  parts  to  be  welded,  the  interior  of  the  joint  is  as  effi- 
ciently united  as  the  visible  exterior. 

The  Thomson  apparatus  for  welding  consists  essen- 
tially of  an  alternating-current  transformer,  the  secondary 
terminals  of  which  are  provided  with  clamps  to  grip  and 
hold  in  place  the  pieces  to  be  welded,  and  of  a  mechanical, 
hydraulic,  or  other  device  by  which  the  abutting  ends  or 
surfaces  of  these  pieces  are  forced  together  while  the 
current  is  applied. 

An  alternating  current  of  about  300  volts  is  usually 
employed  for  this  process  of  welding  ;  this  is  transformed 
in  the  welding  machine  to  a  current  of  2  to  6  volts  poten- 
tial and  a  volume  varying  according  to  the  size  and 
nature  of  the  work.  As  many  as  35,000  amperes  at  6 
volts,  which  is  equivalent  to  about  280  Horse-power,  are 
said  to  have  been  used  in  some  welding  machines.  The 
transformer  consists  of  a  secondary  but  of  one  turn,  made 
of    a   copper   casting   of    U-shaped    cross-section,  in   the 
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groove  of  which  the  primary  coil  is  placed.  The  laminated 
iron  core  surrounds  the  lower  half  of  the  secondary.  The 
pressure  on  the  joint  for  small  pieces  not  exceeding  one 
square  inch  in  cross-section  is  usually  effected  by  springs, 
by  weights  or  by  mechanical  contrivances  such  as  knuckles, 
etc.  ;  for  large  pieces  hydraulic  pressure  is  used,  in  some 
cases  up  to  50  tons,  and  even  higher.  The  current  is 
automatically  cut  off  by  an  electromagnetic  switch  con- 
trolled by  a  transformer  whose  primary  is  closed  by  a 
contact  screw  attached  to  the  moveable  clamp. 

Several  tests  with  electrically  welded  bars  have  shown 
that  the  average  strength  of  the  welds  in  iron  is  from  95 
to  100  per  cent.,  and  in  steel  from  90  to  95  per  cent.,  of 
that  in  the  solid  portion.  It  is  alleged  that  joints  have 
on  several  occasions  proved  stronger  than  the  same  cross- 
section  in  another  part  of  the  bar. 

The  power  required  is  said  to  vary  according  to  the 
cross-sectional  area  of  the  material  at  the  joint  where  the 
weld  is  to  be  made.  The  following  table  '  shows  the  power, 
time  and  energy  required  for  electric  welding  by  this 
process ;  the  figures  given  are  based  upon  actual  experi- 
ence in  various  works. 

1  The  Electrical  Engineer  Institute.      Correspondence  Instruction. 
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Iron  and  Steel. 


Area  in  square       H. P.  applied  to    Time  required  in     Total  energy  in 
inches.  Dynamo.  seconds.  KAV   hrs. 


■o5 

2 

■I 

4 

•25 

10 

•5 

15 

I  0 

30 

15 

40 

2-0 

50 

25 

57 

30 

65 

4-0 

85 

50 

105 

Figure  14  '  shows  an  arrangement  of  welding-trans- 
former. S  =  Secondary  coil;  P  =  Primary  coil;  C— the 
core. 

Figure  15  *  is  a  diagram  of  connections  for  Professor 
Thomson's  welding  apparatus. 
COC.=Cut-out  contact. 
MC.  =  Moveable  clamp. 

FC.  =  Fixed  clamp. 
P.  =  Primary  coil. 
S.=Secondary  coil. 


1  <  The  Electrical  Engineer  Institute.     Correspondence  Instruction. 
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COT.  =  Cut-out  transformer. 
ECOS.  =  Electro-magnetic  cut-out  switch. 
A. = Alternator. 
WT.  =  Welding  transformer. 
W.  =  Weight  by  which  pressure  is  applied  to  the 
joint. 
MM.  =  Pieces  of  metal  to  be  welded. 

Figure  16 '  depicts  a  system  of  welding  rails  for  elec- 
tric roads.  From  a  trolley-line  a  current  of  275  amperes 
at  a  pressure  of  500  volts  is  changed  into  an  alternating 
current  of  300  volts  by  a  rotary  transformer  which  is 
carried  on  a  car.  The  welding  transformer  is  suspended 
on  a  crane  to  which  the  alternating  current  passes.  The 
rails  are  butted  against  each  other  and  two  chucks  are 
welded  from  either  side  to  the  ends  of  the  two  rails. 
After  the  current  has  supplied  the  necessary  heat  a  hy- 
draulic jack  forces  the  chucks  against  the  ends  of  the  rails 
until  the  weld  is  effected.  Four  of  such  welds  have  been 
made  in  an  hour. 

TI,.  =  Trolley  line. 
TP.  =  Trolley  pole. 
RT.  =  Rotary  transformer. 
RC.  =  Reactive  coil. 

S.=  Switch. 

M.=  Motor. 
RRR.  =  Rheostats. 
CB.  =  Circuit  breaker. 

B.  =  Booster. 
WC.=  Welding  clamp. 

Figure  17-  is  another  Thomson's  transformer,  with  a 
different  design  of  clamp  to  hold  the  pieces  to  be  welded 

1  Electrical  Catechism.     By  G.  D.  Shepardson. 

2  Professor  Thomson.  Encyclopedia  Britannica,  nth  Edition. 
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and  to  apply  pressure  at  the  joint  butting  the  pieces  of 
metal  together. 

MM.  =The  pieces  of  metal  to  be  welded. 
FC.=The  fixed  clamp. 
MC.=The  moveable  clamp. 
PP.  =  The  primary  coil. 
SS.=The  secondary  coil. 
C.=The  transformer  core. 

In  conclusion  the  writer  thinks  that  the  universal 
introduction  of  guide-rope  welding  will  result  in  an  im- 
mense saving  of  material  and  a  considerable  reduction  in 
expenditure. 
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Review. 

In  the  Journals  and  Record  of  Transactions  of  the 
Junior  Institution  of  Engineers  is  published  a  paper  by 
Mr.  R.  H.  Squire  on  "  Hydraulic  Sand-packing  for  colliery 
workings  in  India." 

The  author  points  out  that  the  thickness  of  the  seams 
in  India  makes  sand-stowing  especially  desirable  if  waste 
of  coal  is  to  be  avoided.  It  would  also  enable  coal  to 
be  extracted  beneath  roads  and  railways.  The  principal 
coal-fields  in  India  are  traversed  bj'  rivers,  so  that  sand 
is  plentiful  and  in  most  cases  available.  The  author  first 
gives  an  account  of  sand-packing  equipment.  He  then 
deals  with  gradient,  head,  velocity  and  proportion  of 
water  to  sand  and  describes  the  plant  necessary  to  pump 
a  50  per  cent,  mixture  of  sand  and  water  from  the  river. 
The  paper  concludes  with  an  estimation  of  the  friction 
losses  for  such  mixtures  in  pipes  and  the  wear  on  pipes. 
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To  illustrate  Mr.  J.  Kirk's  remarks  on  Mr.  Thomas's  paper 
'Note  on  the  Correlation  of  the  Gandudib,  Dhariajoba  and 
West  Godhur  Seams,  Jbaria  Coal-field." 
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